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758. Extrusion of Sulphur. Part I. Formation of Phenanthrenes
from Dibenzo[h,f]thiepins.
By J. D, L o u d o n , A. D. B. S l o a n , and L. A. S u m m e r s .
D erivatives of d ibenzo[6 ,/]th iepin  are  p repared  from  2-arylth io-5-nitro- 
benzaldehydes via  2 -ary lth io-5-n itrophenylpyruvic  acids and  yield phen- 
an th ren e  d erivatives by ex tru sion  of su lphur.
A n u m b e r  of isolated observations contribute to the view that a thia-atom is fairly readily 
extruded from a heterocycle if the ring contraction involved leads to an aromatic structure. 
For example, phenothiazine1 and several of its benzo-derivatives 2 when heated with 
copper yield the corresponding carbazoles. The reported similar conversion of phenoxa- 
thiin into dibenzofuran3 has not been confirmed,4 but thianthren 5 and the cyclic 
disulphide (I) 6 each yields dibenzothiophen. Thianthrens are thermally stable com­
pounds but _/>-dithiins of type (II; R  =  H, CHO, or N 0 2) are converted by heat or by 
treatm ent with phosphorus oxychloride into derivatives of thiophen.7 A  particularly 
ready extrusion is found for the compound (III) which yields naphthalene-2 : 3-di- 
carboxylic acid when heated in aqueous methanol.8 That extrusion is not restricted to 
the bivalent sulphur atom is shown by the preferential elimination of the oxidised sulphur 
from ^>-dithiin 1 : 1-dioxides,7 from thianthren 5-oxide,9 and from cyclic thiolsulphonates 
allied to the disulphide (I).10 Moreover, the mah-sulphones which are presumably formed 
as adducts by the interaction of certain thiophen 1 : 1-dioxides and acetylenic dienophils, 
decompose in situ with elimination of sulphur dioxide and formation of benzene 
derivatives.11 To these examples of sulphur extrusion we now add the conversion of 
certain dibenzo[&,/]thiepins into phenanthrenes by the action of heat in presence of copper.
Derivatives of dibenzo[&,/]thiepin were prepared from 2-arylthio-5-nitrobenzaldehydes 
(IV ; R =  CHO) by reactions which closely correspond to those described for the synthesis 
of dibenz[&,/]oxepins.12 In general the intermediate 2-arylthio-5-nitrophenylpyruvic acids 
(IV; R =  CH2-C0*C02H) were less smoothly cyclised by polyphosphoric acid than were 
their 2-aryloxy-analogues, and use of hydrobromic acid in acetic acid was sometimes 
preferred. Satisfactory yields of the carboxylated thiepin, cf. (V), were obtained from the 
pyruvic acid (IV; R  =  CH2,C0,C 02H) where the aryl group (Ar) was phenyl, tytolyl, or
1-naphthyl, but the reaction failed when the aryl group was tymethoxyphenyl or
2-naphthyl. 5-Nitro-2ty-tolylthiophenylpyruvic acid was converted, via its oxime and 
the derived benzyl cyanide, into 5-nitro-2ty-tolylthiophenylacetic acid which was cyclised 
to the ketone (VI).
When the thiepin (V; R =  Me) was heated with copper in quinoline decarboxylation 
was accompanied by extrusion of sulphur. That the pioduct was a phcnnnthrene deriv­
ative followed from its oxidation, without loss of carbon, first to a phenanthraquinone and 
then to a derivative of diphenic acid. I t  is formulated as 2-methyl-7-nitrophenanthrene 
(VII; R =  Me), other structures conceivably formed by union of the aryl nuclei at centres 
not originally linked to sulphur being considered unlikely. This is supported by the 
identification of 2-nitrophenanthrene (VII; R =  H) as the product of a similar reaction 
applied to the thiepin (V; R =  H). 2-Nitrophenanthrene was first prepared impure by 
Schmidt and Heinle13 and was recently obtained pure by Bavin and Dewar.14 Our 
specimen had the m. p. recorded by the latter workers and was further characterised by 
oxidation to the known 2-nitrophenanthraquinone.lj
Despite the close homologous relation between the two thiepins (V; R == H) and 
(V; R =  Me) there was an appreciable difference in the ease with which they were 
converted into phenanthrene derivatives. Treatment of the thiepincarboxylic acid 
(V; R =  H) under various conditions usually afforded 2-nitrodibenzo[&,/]thiepin, 
with varying small amounts of 2-nitrophenanthrene and of 2-nitro-O-phenanthroic acid. 
The decarboxylated thiepin (V; R =  H, H for COaH) was likewise convertible into 
2-nitrophenanthrene, but again in poor yield. On the other hand the thiepincarboxylic 
acid (V; R =  Me) afforded moderately good yields (ca. 50%) of 2-methyl-7-nitrophen- 
anthrene and only traces of 2-methyl-S-nitrodibenzo[&,/]thiepin were detected. A similar 
difference was also found when the methyl esters of (V; R =  H) and (V; R =  Me) were 
briefly treated with copper in boiling diethyl phthalate. Thereby methyl 2-nitro-9-phen- 
anthroate and methyl 7-methyl-2-nitro-9-phenanthroate were obtained in 39 and 55% 
yield respectively and, having regard to reliability and ease of manipulation, this appears 
at present to be the best pathway from the dibenzothiepin to the phenanthrene series.
E x p e r i m e n t a l
T hroughout petro leum  refers to  ligh t pe tro leum  (b. p. 60— 80°). 
5-Nitro-2-p-tolylthiophenylpyruvic A cid .— 5-N itro -2 ty -to ly lth iobenzaldehyde 16 (1 mol.), 
aceturic acid (1 mol.), and fused sodium  ace ta te  (1 mol.) were h ea te d  w ith  acetic anhydride 
under reflux (1 hr.). The solution was cooled and, a fte r 15 h r., afforded 2-methyl-4.-{5-nitro-2- 
p-tolylthiobenzylidene)-5-oxazolone, m. p. 188— 189° (from p e tro le u m -b c n z c n e ; yield  55%) 
(Found: C, 61-1; H , 4-0. C18H 140 4N 2S requires C, 61-0; H , 3-95% ). T he pure  oxazolone
(0-3 g.) was heated  (15 hr.) w ith a m ix ture of acetic acid (7-5 c.c.), co n cen tra ted  hydrochloric 
acid (2 c.c.), and w ater (4 c.c.) affording 5-nilro-2--p-tolylihiophenylpyruvic acid as lem on-yellow 
crystals, m. p. 143° (from b enzene-m ethano l; y ield 90%) (F ound : C, 5 7 -8 ; H , 4-0; N, 4-2. 
C16K 13O 5RS requires C, 58-0; H , 3-9; N, 4-2%). T he oxime h a d  m. p. 169° (decomp.) (from 
benzene-m ethanol) (Found: C, 55-6; H , 4-2. C1GH 14O sN 2S requires C, 55-5; H , 4-05% ).
5-Nitro-2-'p-tolylthiophenylacetic A cid .— The foregoing oxim e (3 g.), w hen h ea ted  w ith  acetic 
anhydride (60 c.c.) for 2 h r. followed by concentration  of th e  so lu tion  in vacuo, afforded 5-nitro-
2-p-tolylthiobenzyl cyanide, m. p. 80° (from benzene—p e tro le u m ; y ield  60% ) (F ound : C, 63-2; 
H , 4-4. C15H 120 2N 2S requires C, 63-3; H , 4-2%). T his (10 g.) w as hydro lysed  (9 hr.) in  ho t 
acetic acid (100 c.c.) and hydrochloric acid (100 c.c.) giving 5-nitro-2-'p-tolylthiophenylaceiic acid, 
m. p. 126° (from benzene-petro ieum ; y ield 70%) (F ound: C, 59-5; H , 4-3. C15H 130 4NS
requires C, 59-4; H , 4-3%).
2 'P 'Tolylthiophenylacetic A cid .—A solution of th e  5-n itro -com pound  (0-5 g.) in  w a te r (60 c.c.) 
containing potassium  carbonate (0-35 g.) was hydrogenated  w ith  pallad ised  s tro n tiu m  carbonate 
as catalyst.- N eutralisa tion  of th e  filtered so lution afforded 5 -am ino-2 --p-tolylthiophenylacetic 
acid, m. p. 127° (from ethanol-w ater) (Found: C, 66-2; IT, 5-4. C15FI150 2N S requires C, 65-9;
H . 5 5 A), which formed th e  hydrochloride, m. p. 209° (decom p.), from  d ilu te  hydroch lo ric  acid 
(Found: C, 58-0; H , 5-5. C15H 10O2NClS requires C, 58-1; IT, 5-2% ). A diazo tised  solution of 
e amino-acid in hydrochloric acid was trea ted  w ith  an  excess of hypophosphorous acid. A fter 
ir. the. p rec ip ita ted  2-p-tolylthiophenylacetic acid w as collected as straw -coloured  needles,
P '^ / \ 2° f^r° m  benzene-petro leum ) (Found: C, 69-9; IT, 5-4. C ,rFI140 2S requires C, 69-8; H , 5 -4 %). 11 2
10 : ll-D ihydro-8-m ethyl-2-nitro-lO -oxodibenzo\b,i}thiepin  (VI) w as ob ta ined  (yield, 75% ) as 
yellow  needles, m . p . 161° (from m ethano l), b y  cyclisation of 5 -n itro -2 -ty to ly lth iophenylacetic  
acid  b y  po lyphosphoric  acid (1-|- h r. a t  100°) (F ound: C, 63-4; H , 4-1. C15H n 0 3NS requires 
C, 63-15; H , 3-9% ). I ts  so lu tion  in  benzene was colourless. W ith  hydroxy lam ine  h y d ro ­
chloride in  py rid ine  i t  afforded th e  oxime, m. p. 191° (from benzene-petro leum ) (Found: C,
60-3; FI, 4-0. C15H 120 3N 2S requires C, 60-0; H , 4-0%).
8-Methyl-2-nitrodibenzo[b,b]thiepin-iO-carboxylic A c id  (V; R  =  Me).— (a) 5 -N itro-2-ty to ly l-
th io p h en y lp y ru v ic  acid w as cyclised in  polyphosphoric  acid first a t  160° (5 min.) and  th en  a t  
100° (2 h r.). A dd ition  of w a te r to  th e  cooled m ix tu re  gave th e  th iep in , m. p. 268° (from benzene- 
m eth an o l; y ield, 70% ). (b) A solu tion  of th e  p y ruv ic  acid (10 g.) in  a m ix tu re  of hydrobrom ic
acid  (48% ; 20 c.c.) and  acetic acid  (35 c.c.) w as h ea ted  u nder reflux  for 5 h r. A fter 12 hr. a t  
18° th e  re su lta n t greenish-brow n needles (8-8 g . ; m. p. 269°) were recrystallised  (charcoal) from  
acetic  acid  affording th e  thiepin, m. p. 276° (Found: G, 61-1; H , 3-5. C1GH 110 4N S requires C,
61-3; H , 3-5% ). H ea ted  for 12 h r. w ith  m e thano l (250 c.c.) and  concen tra ted  sulphuric  acid 
(2 c.c.) th e  th iep incarboxy lic  acid  (5 g.) gave th e  corresponding methyl ester, m. p. 183° (from 
m e th an o l-m e th y l acetate) (Found: C, 62-6; H , 4-0. C17H 130 4NS requires C, 62-4; IT, 4-0%).
2-M ethyl-1 -nitrophenanthrone (V II; R  =  Me).— (a) 8-M ethyl-2-nitrodibenzothiepin-10-carb- 
oxylic acid  (2 g.), copper b ronze (10 g.), and  pu re  quinoline (50 c.c.) were h ea ted  un d er reflux 
for 4 h r. T he cooled m ix tu re  w as d ilu ted  w ith  benzene and  filtered, an d  th e  filtra te  w ashed w ith  
d ilu te  su lphuric  acid, again  filtered, and  th en  w ashed in  tu rn  w ith  w ater, aqueous 
sod ium  carbonate , and  w ater. 2-M ethyl-1 -nitrophenanthrene w as recovered from  th e  solu tion  
as pa le  yellow  crystals , m . p . 192° (from benzene-m ethano l) (F ound: C, 75-85; IT, 4-6. 
C1bH u 0 2N  requires C, 75-95; H , 4-6% ). A solution  of th e  com pound in  h o t acetic acid w as 
slow ly tre a te d  w ith  an  aqueous solu tion  of chrom ic acid (in sligh t excess) affording 2-m ethyl-l- 
nitrophenanthraquinone, m . p . 230° (decomp.) (from benzene-m ethanol) (Found: C, 67-5; H ,
3-5. C15H 90 4N  requires C, 67-4; H , 3-4%). To a suspension of th is  qu inone (0-2 g.) in
m eth an o l (2 c.c.) con ta in ing  hydrogen  peroxide (30% ; 0-5 c.c.) 4N-sodium hydroxide (1 c.c.) 
w as added , w ith  tho rough  shaking, and  th e rea fte r  m ore hydrogen  peroxide (1 c.c.). A fter 
15 h r. th e  m eth an o l w as rem oved and  th e  residue acidified affording k-m ethyl-k'-nitrodiphenic  
acid, m . p . 186° (from benzene-m ethano l) (Found: C, 59-7; FI, 4-0. C15H n O 0N  requires C, 
59-8; IT, 3-7%).
([b) T he th iep incarboxy lic  acid (V; R  =  Me) (0-5 g.), copper bronze (0-5 g.), and  d ie thy l 
p h th a la te  (3 c.c.) w ere h ea ted  (30 min.) a t  250° under n itrogen. T he m ix tu re  w as d ilu ted  w ith  
benzene an d  filtered  th ro u g h  charcoal, and  th e  solvents d istilled  off in  vacuo. T he re su lta n t 
d a rk  viscous oil w as ex trac ted  several tim es w ith  petro leum , and  th e  com bined ex trac ts  were 
ch rom atog raphed  on a lum ina  and  elu ted  w ith  petro leum . Successive eluates afforded in 
sm all q u a n ti ty  (i) 8-m ethyT2-nitrodibenzo\b,f\thiepin  as yellow  needles, m. p. 117° (from 
m ethanol) (F ound: C, 67-0; H , 3-8; N , 5-1. C15ITu 0 2N S requires C-, 66-9; H , 4-1; N, 5-2% ); 
(ii) a  solid m ix tu re  w hich w as n o t resolved by  crysta llisa tion ; (iii) 2 -m ethyl-7-nitrophen- 
an th rene , m . p . and  m ixed m. p. 192°.
M ethyl l-M ethyl-2-nitro-9-phenanthroaie.— The m eth y l ester (0-5 g.) of com pound (V; R  =  
Me), copper b ronze (0-5 g.), and  d ie thy l p h th a la te  (3 c.c.) were boiled for 7 |  m in. u nder n itrogen . 
T he cold m ix tu re  w as d ilu ted  w ith  benzene, poured  on to  (alkali-free) a lum ina  and  elu ted  w ith  
benzene. A dd ition  of pe tro leum  to  th e  concen tra ted  eluate  gave a yellow  solid from  w hich, 
a fte r  renew ed ch rom atography , methyl l-methyT2-nitro-9-phenanthroate w as ob ta ined  as 
cream -coloured crysta ls  (0-25 g.), m. p. 188° (from m ethy l ace tate) (Found: C, 69-3; H , 4-5. 
C17FI130 4N  requires C, 69-1; FI, 4-4% ). I t  w as hydro lysed  by  boiling acetic-hydroch lo ric  acid 
to  l-methyl-2-nitro-9~phenanthroic acid, m. p. 291° (from acetonitrile) (Found: C, 68-2; H , 3-8. 
C10H n O4N  requires C, 68-3; IT, 3-9%).
5-Nitro-2-phenylthiobenzaldehyde.— To a solu tion  of 2-chloro-5-nitrobenzaldehyde (45 g.) and  
th iopheno l (25 g.) in  e thano l (500 c.c.) and  w ater (200 c.c.) s tirred  and  m ain ta ined  a t  60°, 
p o tassium  carbona te  w as added  in  po rtions (18 x  1 g.) du ring  20 min. and  stirring  w as continued  
fo r 40 m in. T he crystalline p ro d u c t w as w ashed w ith  w ate r affording 5-nitro-2-phenylthio- 
benzaldehyde, m . p . 105° (from e th y l ace ta te ; yield, 48 g.) (Found: C, 60-4; H , 3-5. C13H 90 3NS
requ ires C, 60-2; H , 3-5%).
2-Nitrodibenzo[b,i]thiepin-10-carboxylic A c id  (V; R  =  H ).— 5-N itro-2-phenyltliiobenzalde- 
hyde  and  acetu ric  acid afforded (yield, 55% ) 2-methyl-4:-(5-nilro-2-phenylthiobenzylidene)-5- 
oxazolone, m . p . 190° (from  benzene) (F ound: C, 60-0; H , 3-8. C17FI120 4N 2S requires C, 60-0;
H , 3-5%)* w hich w as hydrolysed to  5-nitro-2-phenylthiophenylpyruvic acid, m. p. 146° (from 
b en zen e-p e tro leu m ; yield, 90%) (Found: C, 56-9; FI, 3-55. C ^FtyO gN S requires C, 56-8; H ,
3-5%). T his acid was cyclised by  polyphosphoric acid (5 min. a t  160°, th en  2 hr. a t  100°), afford­
ing 2-nitrodibenzo\b,f]thiepin-lQ-carboxylic acid, m. p. 248° (from b en zen e-m eth an o l; yield, 65%) 
(Found: C, 60-4; H , 3-3. C15H 80 4NS requires C, 60-2; H , 3-0%). C yclisation b y  p rocedure (6)
described for th e  analogue (V ; R  =  Me), b u t here prolonged to  12 h r., gave a p u re r p ro d u c t in 
75% yield. E sterification  as described for th e  analogue gave th e  methyl ester, m. p. 156° (from 
m eth y l ace ta te -m ethano l) (Found: C, 61-5; IT, 3-5. C10FIn O4NS requires C, 61-3; H , 3-5%).
Decomposition o f 2-N itrodibenzo\h,f]thiepin-10-carboxylic A c id  (V; R  =  H ).— (a) W hen  th e  
th iep incarboxylic  acid w as tre a te d  (4 hr.) w ith  copper bronze or cuprous oxide in  boiling 
quinoline, as described un d er (a) for com pound (V II; R  =  Me), 2-nitrodibenzo[b,f]thiepin  was 
iso lated  as yellow  crystals , m. p. 110° (from m ethano l; yield, 45— 50%) (F ound: C, 65-6; H ,
3-7. C14H 90 2NS requires C, 65-9; H , 3-5%).
(b) T he sam e th iep in , m. p. and  m ixed m. p. 110°, w as th e  only crystalline p ro d u c t (yield, 
49%) w hen th e  acid w as tre a te d  as described u nder (b) for com pound (V I I ; R  =  Me).
(c) W hen  th e  reaction  tim e in  experim en t (a), w ith  cuprous oxide, was ex tended  to  9 hr. 
and  th e  p ro d u c t before ch rom atog raphy  wTas separa ted  in to  basic, neu tra l, and  acidic fractions, 
th e  n eu tra l frac tion  afforded a sm all q u a n ti ty  of yellow needles, m. p. 117° depressed by  
adm ix tu re  w ith  2-nitrod ibenzoth iep in  and  unchanged  b y  ad m ix tu re  w ith  2 -n itrophen­
an th rene , cf. (^).
(d) T he th iep incarboxy lic  acid (2 g.) w as placed under a coil of freshly-reduced copper w ire 
(10 g.) and  th e  whole hea ted  (5 min.) a t  300— 310° in n itrogen. P roducts of th e  vigorous 
reaction  w ere trap p ed  and  w ashed o u t in  boiling benzene from  w hich, a fte r concen tration , a 
carboxylic acid crystallised , cf. (/). T he filtra te , purified on a lum ina and  elu ted  w ith  benzene, 
afforded 2 -n itrophenan th rene  (0-07 g.), m icro-m . p. 120° (from benzene) (Found: C, 75-5; H ,
4-1; N , 6-45. Calc, for C14FI0O2N : C, 75-3; FI, 4-1; N , 6-3%). This, on being oxidised w itfi 
chrom ic acid  in  acetic acid, gave 2 -n itrophenan th raqu inone  w hich was identified by  its  in frared  
spectrum  and  m ixed m icro-m . p., 265— 269°, w ith  an  au th en tic  specim en p repared  as described 
by  S chm idt and  S poun.15
(e) T he th iep incarboxy lic  acid (0-5 g.) and  copper bronze (0-4 g.) were h ea ted  in  boiling 
d ie thy l p h th a la te  (2 c.c.) for 15 m in. T he cooled m ix tu re  w as d ilu ted  w ith  benzene, filtered, 
w ashed w ith  aqueous sodium  carbona te  and  th en  w ith  w ater, and  refiltered, ho t, th ro u g h  
charcoal. T he ta r ry  residue, ob ta ined  b y  rem oving th e  solvents in  vacuo, w as ex trac ted  w ith  
boiling m ethano l from  w hich 2 -n itrophenan th rene  w as recovered and  purified by  chrom ­
a to g rap h y  (0-07 g . ; m. p. 120°). W hen th e  reaction  m ix tu re  w as h ea ted  for only  5 m in., 
2 -n itrod ibenzo th iep in  w as ob tained .
(/) The carboxylic by -p roduct from  (d), com bined w ith  th e  acidic frac tion  from  (c), afforded 
2-nitro-9-phenanthroic acid as pale yellow  needles, m icro-m . p. 266° (from acetic acid) (Found: 
C, 67-5; H , 3-3. C13H 90 4N  requires C, 67-4; H , 3-4% ). T his w as identified  b y  o x ida tion  to
2 -n itrophenan th raqu inone  and  also b y  com parison w ith  a sam ple p rep a red  from  th e  m e th y l 
este r (below).
- Decomposition o f 2-Nitrodibenzo[b,f]thiepin.— T he th iep in  (0-25 g.) and  copper bronze (0-25 g.) 
were h ea ted  in  boiling d ie th y l p h th a la te  (1-5 c.c.) for 1 \ m in. u nder n itrogen. D ilu tion  of th e  
cold m ix tu re  w ith  benzene, followed b y  filtra tion  th ro u g h  charcoal an d  concen tra tion  in  vacuo, 
gave a  red  oil w hich p a rtia lly  solidified w hen rubbed  w ith  m ethanol. T he solid, purified  b y  
ch rom atog raphy  in  petro leum  on alum ina, afforded 2 -n itrophenan th rene  (0-04 g,), m . p . and  
m ixed m. p. 120°, and  som e unchanged  th iep in .
M ethyl 2-nitro-9-phenanthroate, cream -coloured crystals , m. p. 161° (from m eth y l ace ta te ), 
w as ob ta ined  in  39% yield from  m eth y l 2 -nitrodibenzo[5,/]th iep in -10-carboxylate  b y  th e  m ethod  
described for th e  7 -m ethyl hom ologue (F ound: C, 68-6; H , 3-8. C16H 410 4N  requires C, 68-3;
H , 3-9%). T he ester w as hydro lysed  by  boiling acetic-hydroch lo ric  acid  to  2-nitro-9-phen- 
an th ro ic  acid, m . p. and  m ixed m. p. 265°.
2--p-M ethoxyphenylthio-5-nitropkenylpyruvic A c id .— 2 -p - M ethoxyphenylthio  - 5 - nitrobenzalde- 
hyde, m. p. 89° (from aqueous acetic acid), p rep ared  from  2-chloro-5-nitrobenzaldehyde and  
sodium  ^-m eth o x y p h en y l su lphide (Found: C, 58-1; IT, 4-1. C14H u 0 4N S requires C, 58-1; 
H , 3-8%), w as converted  by  reaction  w ith  acetu ric  acid  in to  2-methyl-4:-(2--p-methoxyphenylthio-
5-nitrobenzylidene)-5-oxazolone, m. p. 206° (from benzene) (F ound : C, 58-5; H , 4-0.
C i8H 140 5N 2S requires C, 58-4; H , 3-8%), and  hence in to  2-(y>-methoxyphenylthio)-5-nibrophenyl-
pyruvic  acid, m . p. 174° (from benzene-m ethanol) (F ound: C, 55-1; FI, 3-7. C1GFI13O cN S  
requires C, 55-3; FI, 3-7%), w hich form ed an  oxime, m. p. 167° (decomp.) (from b en zen e - 
m ethanol) (Found: C, 52-9; FI, 4-1. Ci(iIT140 GN 2S requires C, 53-0; IT, 3-9%), b u t could  n o t  
be cyclised by  polyphosphoric acid.
2-2'-NaphthyW iio-5-nitrophenylpyruvic A cid.— 2-2'-N aphthylthio-5-nitrobenzaldehyde, m. p. 
108° (from acetic acid), p repared  from  2-chloro-5-nitrobenzaldehyde and  n ap h tha lene-2 -th io l 
(F ound: C, 66-25; FI, 3-6. C17FIu 0 3N 5 requ ires C, 66-0; IT, 3-6% ), w as converted  in to
2-mcthyl-4:-(2-2'-napJithylthio-5-nitrobenzylidenc)-5-oxazolone, m. p. 193° (from benzene-petro leum ) 
(Found: C, 64-65; H , 3-8. C21H 140 4N.2S requ ires C, 64-6; H , 3-6%), and  hence in to  2-2 '-
naphthylthio-5-nitrophenylpyruvic acid, m . p. 153° (from benzene) (F ound: C, 62-35; IT, 3-8. 
C19H 430 5NS requires C, 62-1; H , 3-5%). A ttem p ts  to  cyclise th is  acid  b y  po lyphosphoric  acid 
failed, s ta r tin g  m a te ria l being recovered in  d im in ished  q u a n tity .
10-Nitrobenzo[b]naphtho[2,l-i]thiepin-7-carboxylic A cid .— 2-1 '-N aphthylthio-5-nitrobenzalde- 
hyde, m. p . 123° (from acetic acid), p rep ared  from  2-ch loro-5-nitrobenzaldehyde and 
n ap h th a len e -l- th io l (Found: C, 66-2; H , 3-6%), w as converted  b y  reac tion  w ith  ace tu ric  acid 
in to  2-methyl-4c-{2-l/-naphthylthio-5-nitrobenzylideine)-5-oxazolone, m. p. 195° (from  benzene- 
petro leum ) (F ound : C, 64-55; H , 3-8%), and  hence in to  2-l'-naphihylth io-5-nitrophenylpyruvic
acid, m . p. 171° (from benzene-m ethano l) (F ound: C, 62-4; H , 3-7%), w hich afforded th e
oxime, m. p. 194° (from benzene-m ethano l) (F ound : C, 59-7; FI, 3-8. C19H 140 5N 2S requires C,
59-7; IT, 3-7%). W hen th e  py ruv ic  acid in po lyphosphoric acid w as h ea ted  first a t  230° for a  few 
m inu tes and  th en  a t  100° for 3 h r. i t  afforded 10-nitrobenzo[b]naphlho[2,l-i]thiepin-7-carboxylic 
acid  as yellow  needles m. p. 274° (decomp.) (from benzene-m ethano l) (Found : C, 65-55; H , 3-5. 
C i9FI410 4NS requires C, 65-3; H , 3-2%).
W e th a n k  th e  U n iversity  of G lasgow  for th e  aw ard  of th e  J . and  P. C oats Fellow ship (to 
A. D. B. S.) and  th e  D ep artm en t of Scientific and  In d u s tr ia l R esearch  for a  M ain tenance 
Allow ance (to L. A. S.). M icroanalyses were by  Mr. J . M. L. C am eron and  his staff.
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INTRODUCTION
An i n t e r e s t  in  the d ib en z  L b ,f]  ox ep in  ( I )  
r in g  system  was s t im u la t e d  by th e  d is c o v e r y  o f  a 
1 0 : l l - d ih y d r o d i b e n z  [ h , f ]  o x ep in  u n i t  in  the  su b s ta n c e  
c u la r in e  ( I I ) ,  an a l k a l o i d  o b ta in ed  by Manske1 from 
fu m ar iaceou s  p l a n t s .
2In t h i s  c o n n e c t io n  Summers d e v e lo p ed  a s y n t h e s i s  
o f  2 - n i t r o d ib e n z  [ b , f ]  o x e p in s  (V II ,  R=H, OMe) which  
s t a r t e d  from 2 -c h lo r o ~ 5 -n i t r o b e n z a ld e h y d e .  D i s p la c e ­
ment o f  c h l o r i d e  by a phenoxide  i o n ,  to g iv e  the e th e r
( I I I )  , f o l lo w e d  by trea tm en t w ith  a c e t u r ic  a c id  under  
the  c o n d i t io n s  u sed  by G-aiat^ i n  a m o d i f i c a t io n  o f  
E rlen m ey er*s c l a s s i c a l  s y n t h e s i s ,  a f fo r d e d  th e  oxazo'lone
(IV) which was th e n  h y d r o ly s e d  to  the c o rresp o n d in g  
pyruvic: a c id  (V ). The o x e p in  r in g  viras formed by 
trea tm en t  o f  the  l a t t e r  su b stan ce  w ith  p o ly p h o sp h o r ic  
a c id .  D e c a r b o x y la t io n  o f  th e  r e s u l t i n g  2 - n i t r o d ib e n z  
[b , f 3 o x e p in - 1 0 - c a r b o x y l i c  a c id  (VI) a f fo r d e d  the  
f i n a l  p ro d u ct .
The s u c c e s s f u l  p r e p a r a t io n  o f  th e  d ib en z  [ b , f ]  
o x e p in  r in g  system  by t h i s  r o u te  i n v i t e d  an a ttem p t  
to  app ly  a s im i la r  method to  the s y n t h e s i s  o f  the  
th io -a n a lo g u e  v i z .  the  d i b e n z o [ b , f ]  t h i e p i n  (V III)  
system .
c o ^ H
O N  
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The s y n t h e s i s  o f  8 -m e th y l-2 ~ n itr o d ib e n z o  [ b , f ]  t h i e p i n -  
1 0 - c a r b o x y l i e  a c id  (IX , R=Me) was s u c c e s s f u l l y  
accom p lish ed  in  t h i s  way, and i s  d i s c u s s e d  i n  d e t a i l  
i n  an o th er  s e c t i o n .  When Summers: t r e a t e d  a b o i l i n g  
s o l u t i o n  o f  t h i s  su b s ta n c e  i n  q u in o l in e  w ith  copper ,  
how ever, he d id  not o b ta in  the  e x p e c te d  product v i z .
8 - m e t h y l - 2 - n i t r o d i b e n z o [ b , f ] - t h i e p i n  (X, R=Me).
X XI
I n s t e a d ,  i t  was found t i ia t  e x tr u s io n  o f  su lphur had 
accompanied d e c a r b o x y la t io n ,  and th e  p rod u ct (m.p* 1 8 ? w 
o f  e m p ir ic a l  form ula  5^1 1 ^ 2  * was S iv e n  the  s t r u c tu r e  
o f  ? -m e t h y l-2 -n it r o -p h e n a n th r e n e  (X I, R=Ivle) a f t e r  i t  
had been  proved  to be a phenanthrene by s u c c e s s iv e  
o x i d a t i o n s ,  in  the  f i r s t  in s t a n c e  to a ph en anth rene-  
9 * 1 0 -q u in o n e , from which a d ip h e n ic  acid, was o b ta in e d  
i n  a second s t e p .
T h is  r e s u l t  was s u r p r i s i n g ,  b ec a u se  th e  s t r a i g h t ­
forw ard e l i m in a t i o n  o f  a t h i a  atom, accompanied by the  
d i r e c t  u n ion  o f  th e  two atom s to  which th e  l a t t e r  was
a t t a c h e d ,  d oes n o t  appear to be a w id e ly - r e c o g n is e d
4o c c u r r e n c e .  Dor exam ple, T a r b e l l  and H arnish , m  
a q u i t e  r e c e n t  (1951) r e v ie w  a r t i c l e  e n t i t l e d  ”C leavage  
o f  th e  Carbon-Sulphur Bond i n  D iv a le n t  Sulphur  
Compounds,” in c lu d e  only  fo u r  r e f e r e n c e s  to  such e v e n ts  
a lth o u g h  many more were a v a i la b l e  a t  th e  t im e ,  a s  w i l l  
appear from an i n s p e c t i o n  o f  the  exam ples quoted in  
t h i s  t h e s i s .  By way o f  c o n t r a s t ,  th e  h y d r o g e n o ly t ic  
e l im in a t io n  o f  su lp h u r  by means o f  Raney n i c k e l ,  
i n v o l v i n g  th e  a ttach m en t o f  a hydrogen atom to each  
o f  th e  atoms from which th e  su lph ur atom has become 
d e ta c h e d ,  i s  w e l l  known. T h is  r e a c t i o n ,  known a f t e r
M ozingo,w as f i r s t  u sed  (1942) by du Vigneaud and
5
Mozingo i n  the  i n v e s t i g a t i o n  o f  (3 -b io t in :
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In  h i s  o r i g i n a l  paper  (1943) on th e  h y d r o g e n o ly s is  
o f  su lp h u r  compounds, Mozingo^ m en tio n s  t h a t  two 
p o s s i b l e  c o u r se s  o f  r e a c t i o n  are op en , a c c o r d in g  to  the  
f o l l o w in g  scheme:
E -  S -  E ' + E i(H)
»  R -  R' + R -  R + R '-  R'
W J •> R -  H + R '-  H
However r e a c t i o n  (a ) , which he r e f e r s  to  a s  a W urtz-type  
r e a c t i o n ,  was not o b serv ed  by M ozingo. A y ea r  l a t e r  
Campaigned d is c o v e r e d  a c a s e ,  w h ic h , fo r m a lly  as l e a s t ,
5i s  s im i la r  to the  l u r t z  r e a c t i o n .  A su sp e n s io n  
o f  Raney n i c k e l  in  b o i l i n g  x y le n e  brough t about the  
e l im in a t io n  o f  su lp h u r
m  Me Ph Me
\  /  \  /0 = s s = c — » c = c
/  \  /  \
PM ' Me PM
S I
betw een  two m o le c u le s  o f  th io a c e to p h e n o n e , w ith  the  
fo r m a tio n  o f  a : a ' - d i m e t h y l s t i l b e n e  ( X I I ) .  S h o r t ly
Q
a f te r w a r d s  Bergmann r e p o r te d  the c o n v e r s io n  o f
9—th io fo rm y lp h en a n th ren e  (X III )  to the  e th y le n e
(XIV) by tre a tm en t  w ith  Raney n i c k e l
CH=CH
2
X III XIV
ere  i s  n o th in g  n o v e l  about t h e s e  tr a n s fo r m a t io n s .
Q
In  1928 SchftnDerg^ prepared  t e t r a p h e n y le t h y le n e
from th iobenzophenone by tre a tm en t  w ith  copper bronze
i n  b o i l i n g  x y l e n e ,  and in  the same y e a r  S ta u d in g er 1^
r e p o r te d  the  sp ontan eou s c o n v e r s io n  o f  th iobenzophenone
to  t e t r a p h e n y le t h y le n e  a t  a tem perature  o f  1 7 0 -1 8 0 ° .
There a r e  a n a lo g ie s  a l s o  fo r  Bergmannf s r e s u l t :
11 /f o r  example , 4 :4 ' -d ih y d r o x y - 3 :3  ' -d im e t h o x y s t i lb e n e  
(XVI) may be d i s t i l l e d  from a m ix tu re  o f  copper
CHS
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XV XVI
powder and th e  tr im e r  o f  2 -m eth o x y ~ 4 -th io fo rm y lp h en o l
(XV).
The y e a r  1946 produced th e  f i r s t  o f  a s e r i e s  o f  
12p a p er s  by Hauptmann * i n  which the d e s u lp h u r iz a t io n  
o f  r e p r e s e n t a t i v e s  from fo u r  c l a s s e s  o f  o r g a n ic  
su lp h id e  was d e s c r ib e d ,  u s in g  a Raney n i c k e l  p r e p a r a t io n  
from which m ost o f  th e  adsorbed  hydrogen had been
7d r iv e n  o f f  by h e a t in g  under reduced pressure. In all 
but a few c a s e s  the  n i c k e l  was ”d e -g a ssed "  a t  a 
tem p erature  o f  2 0 0 ° .  In  ev ery  case  the  r e a c t i o n  was 
c a r r ie d  out a t  a tem perature  o f  1 4 0 ° ,  u s u a l l y  by 
employment o f  b o i l i n g  x y le n e  as  the s o l v e n t .  The 
f o u r  c l a s s e s  o f  s u lp h id e  s t u d ie d  were:
A. M ercaptal s  ( i )  o f  benza ldehyd e
( i i )  o f  form aldehyde .
B. T h io l  e s t e r s  o f  a ro m a tic  c a r b o x y l ic  a c id s .
C. B ip h en y l s u lp h id e .
B. B ia r y l  d i s u l p h id e s .
In  v ie w  o f  th e  r e a c t io n s  o f  th io c a r b o n y l  compounds
reco rd ed  a b o v e , th e  re sp o n se  o f  th e  d i e t h y l  m ercap ta l
o f  benza ldehyd e  to  t h i s  trea tm en t  need n o t  cause surprise;
an a n a lo g y  a l s o  e x i s t s  f o r  the c o n v e r s io n  o f  the
d ip h e n y l  m ercap ta l o f  form aldehyde to  d ip h e n y l
13s u lp h id e ,  b e c a u se  Baumann and Fromm o b ta in e d  
d i e t h y l  s u lp h id e ,  by h e a t in g  the  d i e t h y l  m erca p ta l  
o f  a c e to n e  a t  1 6 0 -1 9 0 ° .
A. ( i )
( i i )
The p r e p a r a t io n  o f  d ip h e n y l  s u lp h id e  in  good 
y i e l d  from p h e n y l th io b e n z o a te  (XVII) i s  much more 
i n t e r e s t i n g  b e c a u se  th e r e  appears to  be no an a log y
B. Ph.C O .S .Ph --------- >  Ph2S (70$)
XVII
f o r  t h i s  r e a c t i o n .  When Raney n i c k e l  d e g a ssed  a t  
100^ (and t h e r e f o r e  r i c h e r  i n  hydrogen) was u s e d ,  
the  r e s u l t  was s t r i k i n g l y  d i f f e r e n t .  Under t h e s e  
c o n d i t io n s  a m oderate  y i e l d  o f  d ip h e n y l  was o b ta in ed :
P h .0 0 . S.Ph. ->  Ph^ (40$)
There i s  an ana logy  fo r  the  la . t t e r  r e a c t i o n ,  a l b e i t  
a poor one . A n s c h u tz ^  h as shown th a t  phenyl
-S.Et
Ph. OH ■> Eh.CH-CH.Eh (70‘, 5
h 2 c
/
\
S .E t  
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Eh. S . Eh
cinnamate. i s  d e c a r b o x y la te d
PhGH = CH.CO.O.Ph '  ^  PhGH = CHPh + 002
by s lo w  d i s t i l l a t i o n .
Most p e r t in e n t  o f  a l l  to th e  c o n te n t  o f  t h i s  
t h e s i s  i s  th e  e f f e c t  o f  th e  Raney n i c k e l  trea tm en t  
on d ip h e n y l  s u lp h id e .  Some d ip h e n y l  was o b ta in e d  
when n i c k e l  which had been  d e g a ssed  a t  100° was 
employed
0 . Ph.S.Ph;  >  PIi2 (15$)
b u t ,  ' c u r i o u s l y ,  th e r e  was l i t t l e  r e a c t i o n  w ith  the more 
th o ro u g h ly  d eg a ssed  m e ta l .  P h is  i s  the  f i r s t  tru e  
example o f  th e  r e a c t i o n  (a) c i t e d  a s  a p o s s i b i l i t y  
by Mozingo ( s e e  p .  4 ) .  T ran sform ation s  o f  t h i s
k in d  had however been known lo n g  b e fo r e  the days o f  
Raney n i c k e l .  The f i r s t  exam ples came from th e  
l a b o r a to r y  o f  P r o f e s s o r  Merz (Z u rich ) and were c l e a r l y  
in s p ir e d  by him , a lth o u g h  h i s  name does n ot appear  
a t  the head o f  the p u b l ish e d  a r t i c l e s  concerned . R is  
(lSSG )1  ^ d e sc r ib e d  th e  d e s u lp h u r iz a t io n  o f  a
d ib e n z o p h e n o th ia z in e ,  which was prepared  by h e a t in g  
di-(3~naphthylam ine w ith  su lphur and probab ly  had 
the  s t r u c tu r e  (XVIII) by v ir t u e  o f  the  g r e a te r  
r e a c t i v i t y  o f  th e  a p p o s i t i o n s  in  n a p h th a len e .
HN
M i l l  _XUL
!h e  d ib e n z o c a r b a z o le  (p rob ab ly  XIX) was o b ta in ed  
by s lo w  d i s t i l l a t i o n  under carbon d io x id e  from a 
m ix tu re  o f  th e  d ib e n z o p h e n o th ia z in e  and copper.
In  th e  f o l lo w in g  y ea r  Groske^ d e s c r ib e d  the  d esu lp h u r­
i z a t i o n  o f  p h e n o th ia z in e  (XX) i t s e l f  by b o i l i n g  w ith  
copper f o r  two hours i n  an atm osphere o f  co a l  gas;
(gd® —
I X
17Goskef s work was confirm ed by Holzmann (1888) .
18The s e r i e s  was ter m in a ted  by Kym (1890) , who
r e p o r te d  th e  d e s u lp h u r iz a t io n  o f  a b e n z o p h e n o th ia z in e .
19In 1911. P e r r a r io  r e p o r te d  the fo rm a tio n  "avec de 
tr& s bons ren dem ents” o f  d ib en zo fu ra n  from the  
tre a tm en t  o f  p h e n o x a th i in  (XXI) w ith  copper a t  2 5 0 ° .
XXI
2 0 .S u te r  (1 936 )  was u n ab le  to con firm  t h i s  r e s u l t  and
P i
Gilman (1940) was l i k e w i s e  u n s u c c e s s f u l  i n  a 
s e r i e s  o f  ex p er im en ts  c a r r ie d  o u t  w ith  a d d i t i v e s  
o f  s i l v e r ,  i r o n ,  m ercury and z in c  a s  w e l l  as copper;
pp
J a r r e t t  (1956) r e c o v e r e d  p h e n o x a th i in  unchanged
from i t s  s o l u t i o n  i n  d i e t h y l  p h t h a la t e  a f t e r  b o i l i n g
w ith  copper  f o r  140 h r .  C u ll in a n e  ( 1 9 3 7 ) ^  has
d e s c r ib e d  th e  rem oval w ith  copper o f  one atom o f
su lph ur from th e  m o le c u le  o f  th ia n th r e n e  (XXII) a t
24-i t s  b o i l i n g  p o i n t ,  and Gilman (1955) has r e p o r te d
a 50$ y i e l d  o f  d ib en zo th io p h en  from the treatment 
o f  th ia n th r e n e  5~ ox id e  (XXIII) w ith  b u ty l  l i t h iu m  
a t  - 7 0 ° :
O
XXII XXIII
I t  i s  worthy o f  n o te  t h a t  the  l a s t  o f  Hauptmann* s 
com m unications r e p o r t s  the s u c c e s s f u l  d e s e l e n i z a t i o n  
o f  d ip h e n y l  s e l e n i d e  by Raney n i c k e l  (d e g a sse d  a t  200°)  
i n  b o i l i n g  b e n z e n e .
In  th e  same a r t i c l e  i t  i s  s t a t e d  t h a t  d ip h e n y l  i s  
o b ta in e d  from d ip h e n y l  su lp h id e  by trea tm en t  w ith  
th e  n i c k e l  r e a g e n t  a t  2 2 0 ° ,  b u t u n f o r t u n a t e ly  no 
f u r t h e r  d e t a i l s  a re  g iv e n .
The r e s u l t s  o f  th e  Raney n i c k e l  tre a tm en t  o f  
d i a r y l  d i s u lp h id e s  are  a l s o  i n t e r e s t i n g .  Hauptmann 
o b ta in e d  an e x c e l l e n t  y i e l d  o f  d ip h en y l su lp h id e
P h .S e .P h >  Ph2 (771°)
from th e  c o rr esp o n d in g  d is u lp h id e
D . P h .S .S .P h P h .S .P h (82 $>)
under th e  u s u a l  c o n d i t i o n s .  For t h i s  th e r e  i s  
c o n s id e r a b le  p r e c e d e n t .  As e a r l y  a s  1 8 7 4 , G-raebe^, 
a t te m p t in g  to  qyclddehydrogeiiate d ip h en y l  d i  s u lp h id e  
to d i b e n z o - o - d i t h i i n  (XXIV) by b o i l i n g ,  o b ta in ed  
d ip h e n y l  su lp h id e  in s t e a d .  L a te r  (1928) Barber and
Q
S m ile s  o b ta in ed  d ib en zo th io p h e n  by h e a t in g  a  m ixture  
o f  d i b e n z o - o - d i t h i i n  and copper fo r  two hou rs a t  a 
tem p erature  o f  2 5 0 ° .  The r e a c t i o n
S—S 
° 2
XXIY XXY
was r e c e n t l y  (1 9 5 6 , 1957) ex tended  to  v a r io u s  m eth y l  
d e r i v a t i v e s  o f  d i b e n z o - o - d i t h i i n  by Armarego and 
T u r n e r * ^ w h o  have i n  a d d i t io n  shown th a t  d ib en zc-o-  
d i t h i i n  5 : 5 - d io x id e  (XXV) l o s e s  su lp h u r  d io x id e  under  
th e s e  c o n d i t i o n s .  Another example has been prov ided
29by Schflnberg (1935) > who showed t h a t  t r ip h e n y l -
phosphine extrud ed  su lph ur from d ib e n z o y l  d i s u lp h id e  
(XXVI) w ith  p r o d u ct io n  o f  d ib e n z o y l  su lp h id e  (XXVII):
Ph. CCUS P h .G O \
I + Ph~P -------- >  ,S + Ph~PS
Ph.GO. S p Ph.CO ^
XXVI XXVII
17I t  i s  i n t e r e s t i n g  th a t  Holzmann (1888) , i n  an
attem p t to make ca rb a zo le  by h e a t in g  d ip h en y lam in e-
2 : 2 ' - d i s u l p h i d e  (XXVIII) w ith  copper a t  a tem perature
o f  250ft, o b ta in e d  o n ly  d ip h en y lam in e:
H
S - S
XXVIXI
S in c e  many k e to n e s  are reduced  to p in a c o l s  by 
m e t a ls  e . g .  th e  r e d u c t io n  o f  a c e to n e  to  p in a c o l  by 
magnesium am alg am ^ ,
1. 0
Me
Me
\
0 = 0 Mg(Hg) 0 = 0
/
Me
XXIX
\
Me
Me Me
I I
■> Me -  C -  C -  Me
I I
OH OH
Me -
Me Me
I I 
0 - 0 ” 
I I
0  0
\  /
Mg
M e
XXIX
i t  i s  q u i t e  p o s s i b l e  t h a t  th e  p r e v io u s ly  m entioned
c o n v e r s io n s  a£  th io c a r b o n y l  compounds in t o  o l e f i n s
p ro ceed  through in t e r m e d ia t e s  a n a lo g o u s  to  magnesium
p in a c o la t e  (XXIX). Indeed  th e  magnesium su b io d id e
31r e a g e n t  u sed  by (Somberg and Bachmann to  red uce  
benzophenone to  b e n z o p in a c o l
Ph
\
C =
Mg + Mglr) 
o  --------------------
Ph
PH Ph
i i
Ph. -  C -  C -  Pi.
I I
OMglOMgl
Hi Ph
\  I
-> Ph-<3-C~Ph 
/ I 
(H OH
XXX
32was found by SchSnberg to  tran sform  a th io b e n z o -  
phenone to a t e t r a p h e n y le t h y le n e  s u lp h id e  (XXXI):
Ar Ar S Ar 
Mg+Mglp \  /  \  /
----------------------------- C -  C2
\
/
XXXI
Ar Ar
—Ar = 0M&
Presum ably i n  t h i s  c o n v e r s io n  th e  t h io - a n a lo g u e  o f  the  
p o s t u l a t e d  in t e r m e d ia t e  (XXX) form s th e  t e t r a p h e n y l -  
e th y le n e  s u lp h id e  hy e l im in a t io n  o f  S(M gI)2 .
s u lp h id e  l o s e s  su lp h u r  a t  a tem perature  o f  1 7 5 ° ,  g iv in g
a q u a n t i t a t i v e  y i e l d  o f  t e t r a p h e n y l e t h y l e n e , so t h a t  a
s t e p  by s t e p  p r o c e s s  o f  the k in d  i n d ic a t e d  i s  w e l l
supported  by th e  f a c t s  a v a i l a b l e .
Ih e  i n s t a b i l i t y  o f  e th y le n e  s u lp h id e s  h as  probab ly
much to  do w ith  th e  f a c t  t h a t  r e l a t i v e l y  l i t t l e  study
h as been  made o f  them; i t  was n o t  u n t i l  1920 t h a t
th e  f i r s t  l : 2 - e p i s u l p h i d e  was d e s c r ib e d .  In t h a t  year  
34B e le p in e  r e p o r te d  th e  p r e p a r a t io n  o f  th e  p a ren t  
compound, e th y le n e  s u lp h id e ,  a c c o r d in g  to  the  scheme:
found t h a t  t e t r a p h e n y le t h y le n e
C1.CH2 .CH2 .0NS + Na2S ------->  0H2~ CH2 + NaCl + NaCNS
The p rod u ct  was a c o l o u r l e s s  l i q u i d  which p o ly m erized  
v e ry  r e a d i l y ,  but no m en tion  was made o f  a ten dency  
to  form e th y le n e  by l o s s  o f  su lp h u r . In the  same 
y ea r  S ta u d in g e r  and S i e g w a r t ^  d e s c r ib e d  the  p r e p a r a t io n  
o f  t e t r a p h e n y le t h y le n e  s u lp h id e  from d ia z o d ip h e n y l-  
methane (XXXII) and th iob en zop henon e;
Ph Ph Ph S Ph
\  \  /  \  /orr, + s = c  c -  c +
/  2  \  /  \  2
Ph Ph Ph Ph
XXXII
The f i r s t  example o f  a compound f e a t u r i n g  a t h r e e -
membered r in g  c o n ta in in g  a su lph ur  atom had however
been  o b ta in e d  fo u r  y e a r s  p r e v io u s l y .  T h is  was
t e t r a p h e n y le t h y le n e  su lph one  (X X X III), prepared  by
35S ta u d in g er  and P fe n n in g e r  from su lph ur d io x id e  and 
diazod iph en y lm e th a n e :
(>2
Ph Ph .S^ Ph
\  \  /  \ /
2 ON, + . S0o -------- >  C -  0 + 211,/  2 2 /  ^  2
Ph Ph Ph
XXXIII
That an e th y le n e  su lphone should be d is c o v e r e d  b e fo r e  
an e th y len e , su lp h id e  i s  i n t e r e s t i n g ,  because  e th y le n e  
su lp h o n es  are  so v e ry  u n s ta b le  t h a t  on ly  one o th e r  
example i s  known, th e  compound (XXXIV, R=Me) employed  
a s  an in te r m e d ia te  i n  t h e i r  s y n t h e s i s  o f
ORRO
OR
RO
XXXIV XXXV
d i e t h y l s t i l b o e s t r o l  (XXXV, R=H) by v .  Vargha and Kovacs"'^, 
who prepared  i t  by a p r o c e s s  p a r a l l e l  to t h a t  o f  
S ta u d in g e r .  At a tem perature  o f  8 0 -1 0 0 °  both  
su lp h on es  were sm ooth ly  con verted  by l o s s  o f  su lph ur  
dioxide , to  th e  c o rr esp o n d in g  o l e f i n s .  The s t a b i l i t y  
o f  th e s e  su lp h o n e s  i s  a p p a re n t ly  due to  t h e i r  h i g h l y -  
s u b s t i t u t e d  n a tu r e .  A ttem pts to  o x i d i z e  1 :2 ~ e p is u lp h id e s  
to  the  co rr esp o n d in g  e p isu lp h o n e s  have n o t  been  
s u c c e s s f u l ,  n o t  even  i n  the case  o f  t e t r a p h e n y le th y le n e  
su lp h id e :  S ta u d in g er  and S ieg w a rt  e x p r e s s ly  s t a t e d
th a t  a t te m p ts  to  o x i d i z e  the  e p i s u lp h id e  w ith  n i t r i c
a c id  and p otass iu m  permanganate were not successful
b eca u se  th e  su lph ur was too  r e a d i ly  ex tru d ed .
The p io n e e r  work o f  B e le p in e  and S ta u d in g er  was
f o l lo w e d  by a la p s e  o f  t w e n t y - f iv e  y e a r s  during  which
e th y le n e  s u lp h id e s  a t t r a c t e d  l i t t l e  a t t e n t i o n .  Such
work a s  was done in  th e  a l i p h a t i c  s e r i e s  i s  r ev iew ed
42by C u lven or , D a v ies  and Heath , and need  n o t  concern
u s  h e r e ,  b e c a u se  p u r e ly  a l i p h a t i c  e p i s u lp h id e s  appear
to  have  l i t t l e  tendency  to  e l im in a te  the  su lphur atom
th ey  are r e l a t i v e l y  s t a b le  to  h e a t  and t h e i r  m ost
o u ts ta n d in g  c h a r a c t e r i s t i c  i s  a marked tendency  to
p o ly m e r iz e ,  more e s p e c i a l l y  when t r e a t e d  w ith  a c i d i c
or b a s i c  r e a g e n t s  ( i t  i s  n o tew orth y  t h a t  t e t r a p h e n y l -
e th y le n e  s u lp h id e ,  w hich i s  so t h e r m o la b i l e , has no
57ten dency  to  p o ly m e r ize  ) .  Of Sch8nber-grs s e v e r a l  
c o n t r ib u t io n s  over  t h i s  p er io d  to th e  stu d y  o f  a r y l -  
s u b s t i t u t e d  e p i s u l p h i d e s , two w i l l  be m entioned h e r e .  
The f i r s t  i s  in c lu d e d  b eca u se  i t  i l l u s t r a t e s  the  
c a t a l y t i c  a c t i o n  o f  cop p er . a -D ip h en y l-{3 -d ip h e n y l-  
t h i o e t h y l e n e  (XXXYI) was o b ta in e d  by
Ph .Sv S.Ph
\  /  \  /0 - c
/  \
Hi S.Ph
Ph .S .P h
-5* 0 = 0
P i /  \ . P h  EOT*
£'-U
o f  1.80-200° was r e q u i r e d ^
trea tm en t  o f  i t s  su lp h id e  w ith  copper bronze i n  
b o i l i n g  benzene; in  the  absence  o f  copper a tem perature
The second i s  chosen  
b e c a u se  i t  i s  the  o n ly  record ed  example o f  su lph ur  
r e t e n t i o n  by an a r y l - s u b s t i t u t e d  e th y le n e  s u lp h id e  
d u rin g  therm al d e c o m p o s it io n .  When a - c h lo r o —p(3- 
d ip h e n y l-a ~ p h e n o x y e th y le n e  s u lp h id e  (XXXVII) was
O T V o P k
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h e a te d  a t  1 0 0 ° ,  a  rearrangem ent o c c u r r e d ,  hydrogen  
c h lo r id e  was e l im in a te d  in s t e a d  o f  su lp h u r  and a 
d e r i v a t i v e  (XXXVIII) o f  th io n a p h th en  was f o r m e d ^ .
The c h e m is tr y  o f  e th y le n e  s u lp h id e s  was put on 
a f ir m e r  f o o t i n g  by Culvenor and D a v i e s ^ ~ ^ ,  who 
c o n tr ib u te d  a s e r i e s  o f  p ap ers  on the  s u b j e c t ,  the  
f i r s t  o f  which appeared i n  1946 . These workers  
prepared t h e i r  e th y le n e  s u lp h id e s  by t r e a t i n g  the
co rr esp o n d in g  e th y le n e  o x id e s  w ith  th io -co m p o u n d s ,
o f  which the  m ost favoured  was th io u r e a .  f o r
exam ple, tre a tm en t  o f  c y c lo hexene oxide, w ith  th io u r e a
i n  m ethanol a t  6 0 ° ,  f o r  a p e r io d  o f  1-1-g- h r . ,
produced a 60$ y i e l d  o f  c y c lo h exene s u lp h id e .  This
su b s ta n c e  can be d i s t i l l e d  under reduced  p r e ssu r e
( b .p .  6 8 ° / l6 m m .) and no m ention  i s  made o f  any
ten d en cy  on th e  p a r t  o f  t h i s  e p i s u lp h id e ,  or on the
p a r t  o f  any o th e r  p u r e ly  a l i p h a t i c  e th y le n e  su lph ide^
tow ards e x t r u s io n  o f  su lphur under therm al s t im u la t io n
t e r v a l e n t  phosphorus compounds d id  however ap p ro p r ia te
the su lp h u r ,  but no a ttem p t was made' to i d e n t i f y
45th e  o r g a n ic  p r o d u c ts .  B ordw ell  h as  shown t h a t  
good y i e l d s  o f  c y c lo h exene are  o b ta in a b le  by 
tre a tm en t  o f  an e t h e r e a l  s o l u t i o n  o f  c y c lo h exene  
s u lp h id e  w ith  b u ty l  l i t h iu m  or  phenylmagnesium  
brom id e .
Treatment o f  a r y l - s u b s t i t u t e d  e th y le n e  o x id e s
w ith  th io u r e a  i n  e th a n o l  produ ces the c o rresp o n d in g
o l e f i n s  r a th e r  than th e  e th y le n e  s u lp h id e s ,  which
41appear to  be u n s t a b le  under t h e s e  c o n d i t io n s  
Thus the  trea tm en t o f  s t i l b e n e  o x id e  (XXXIX) w ith
t h io u r e a  i n  e th a n o l  for  s i x  days a t  a temperature 
o f  35° gave an 80$ y i e l d  o f  s t i l b e n e  hut no stilbene 
s u lp h id e ;  the  f a c t  t h a t  65$ o f  the t h e o r e t i c a l  
ex tru d ed  su lph ur  was r e c o v e r e d ,  su p p orts  the v iew  
t h a t  in te r m e d ia te  e th y le n e  s u lp h id e s  are formed in  
t h e s e  r e a c t i o n s .  l - B e n z o y l - 2 -m -n i t r o p h e n y le t h y le n e  
o x id e  (XL), t r e a t e d  a t  th e  b o i l i n g  p o in t  o f  e th a n o l ,  
produced m -n itr o b e n z y l id e n e a c e to p h e n o n e  (XLI). E th y l  
p h e n y lg ly c id a t e  (X L I I ) , a l lo w e d  to  r e a c t  a t  between  
50® and room tem p erature  f o r  s i x t y  h o u r s ,  gave 
e t h y l  c innam ate .
Eh -  OH -  OH -  Ph ---------^  Ph -  OH = OH -  Ph + Sv
XXXIX
c y s CH -  OH.OOPh CH=0H. COPh
XLI
>  Ph -  CH = 0E.C02Et
XLII
The exam ples c o l l a t e d  above are s u f f i c i e n t  to show 
t h a t  the t y p i c a l  r e a c t io n  o f  an a r y l - s u b s t i t u t e d  
e th y le n e  su lp h id e  i s  i t s  d i v i s i o n  in t o  su lph ur and 
th e  c o rr esp o n d in g  o l e f i n .  T h is  f a c t  i s  th e  c o rn ersto n e  
o f  an argument d e v e lo p ed  i n  a l a t e r  p a r t  o f  t h i s  
t h e s i s ,  and so the ch em is try  o f  e th y le n e  s u lp h id e s  
h as been  g iv e n  some prom inence.
The r e c e n t  (1954—1.956) i n t e r e s t i n g  work o f  Parham ^  
on ]D -d ith iin  (XLIII) and i t s  d e r i v a t i v e s  i s  im portant  
i n  th e  same c o n n e c t io n .  j> -D ith i in  p o s s e s s e s  l i t t l e  
arom atic  c h a r a c te r ;
c i 
XLI II XLIII o XLIII b
th u s i t  i s  e a s i l y  o x id iz e d  by p e r a c e t i c  a c id  to the  
d is u lp h o n e ,  and i t  i s  r e a d i l y  p o lym erized ; X-ray  
s t u d i e s  have shown th a t  the  m o lec u le  i s  n o t  p la n ar;  
b u t h as  in s t e a d  the " b oat” form (XLIII a ) ^ .  The 
2 : 5 -d ip h e n y l  d e r i v a t i v e  (XLIV), how ever, has c e r t a in  
arom atic  p r o p e r t ie s .;  f o r  exam ple, trea tm en t o f  the  
compound (XLIV) w ith  a weak s o l u t i o n  o f  n i t r i c  a c id  
i n  a c e t i c  a c id  and a c e t i c  anhydride a t  room tem p era tu re ,
f o r  f i v e  m in u te s ,  produced 2 : 5- d i p h e n y l - 3- n i t r o ~ 2 -  
d i t h i i n  (XLV, R^NO^)^; a g a in ,  b r i e f  treatment with
■S  ^ PhXIPh S
Ph S
a :
Ph R
T i m  TCTT
O + Cl*P h ^s"^  R P h ^ s ^  R
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bromine produced 3 -h r o m o -2 :5 ~ d ip h .e n y l-p -d ith i in  
(XLV, R = B r )^ .  a t t e m p ts  to  o x i d i z e  d e r i v a t i v e s  o f  
2 s 5 -d ip h e n y l—p - d i t h i i n  to the co rresp o n d in g  d isu lp h o n e s  
have f a i l e d :  the  u s u a l  r e s u l t  i s  the e j e c t i o n  o f  a 
su lp h u r  atom and th e  fo rm a tio n  o f  a d e r iv a t i v e  o f  
t h i o p h e n ^  9^?.  2 :4 - D ip h e n y l - 3 -n i t r o t h io p h e n  
(XLIX, R = NO^) and 2 : 4 - d ip h e n y l - 5 - n i t r o t h io p h e n  
(XLVIII, R = NOg) are o b ta in e d  i n  46 and 31$ y i e l d s ,
r e s p e c t i v e l y ,  by th e  a c t i o n  o f  p e r a c e t i c  a c id
on 2 : 5 “ d ip h e n y l - 3 - n i t r o - j 3 ~ d i t h i in  (XL?,
Parham a t  f i r s t  c o n s id e r e d  t h a t  the r e a c t i o n  took
p la c e  by p r e l im in a r y  fo rm a tio n  o f  th e  m onosulphones
(XLYII and XLYI, R = NC^) fo l lo w e d  by e l im in a t io n
o f  su lp h u r  d i o x i d e ,  but t h i s  scheme had to  be
dropped when a h ig h ly  th e rm o sta b le  su b sta n ce
c o n s id e r e d  to  have the s t r u c t u r e  (XLVI, R=Br) was
i s o l a t e d  from th e  p r o d u cts  o f  th e  r e a c t i o n  o f  p e r a c e t i c
a c id  w ith  3 -b rom o-2: 5 -d ip h e n y l- jD -d ith i  in  (XLY, R = B r )^ .
2 : 5 - D i p h e n y l - p - d i t h i i n  and i t s  d e r i v a t i v e s  may be
co n v erted  to  th io p h en  d e r i v a t i v e s  by h e a t  a lo n e ,  but
th e  tem p era tu res  r e q u ir e d  are h ig h e r  than th o s e
( < 1 0 0 ° )  a t  w hich p e r a c e t i c  a c id  trea tm en t  was
s u c c e s s f u l :  th u s  a t  190° 2; 5 - d ip h e n y l - j o - d i t h i in
4-7y i e l d s  2 : 4 - d ip h e n y l t h io p h e n  (L) . The therm al
d e c o m p o s it io n  o f  2 ; 5 - d i p h e n y l - £ - d i t h i i n s  w i l l  be 
d is c u s s e d  i n  d e t a i l  l a t e r .
Three s t r i k i n g  s i m i l a r i t i e s  are e x h ib i t e d  by 
a r y l - s u b s t i t u t e d  j o - d i t h i i n s  and a r y l - s u b s t i t u t e d  
e th y le n e  s u lp h id e s :  both groups o f  su b s ta n c e s
ex tru d e  su lp h u r ,  both  are l e s s  prone to  p o ly m e r iz a t io n  
than th e  u n s u b s t i t u t e d  p aren t  compounds, and both are  
r e l u c t a n t  to  form su lp h o n e s .  This s i t u a t i o n  may be
2 6
i l l u s t r a t e d  by drawing the s t r u c t u r e  (XLIIIb) f o r
j o - d i t h i in :  i t  i s  o f  course  v ery  u n l ik e l y  th a t  such
a h i g h ly  s t r a in e d  s t r u c t u r e  c o u ld  make more than a
v e r y  sm a ll  c o n t r ib u t io n  to th e  reson an ce  h y b r id .
The su b s ta n c e  known as b u ta d ie n e  su lphone
(2 :5 -d ih y d r o th io p h e n  S -d io x id e ;  LI) i s  formed by
50l : 4 - a d d i t i o n  o f  su lphur d io x id e  to  butad iene^  ; the  
unbended v a le n c y  e le c t r o n s  o f  th e  su lphur atom p la y  
the p a r t  o f  the tT - e l e c t r o n s  o f  the d ie n o p h i l  in  the  
L i e l s - A ld e r  r e a c t i o n .
In common w ith  o th e r  L i e l s - A ld e r  r e a c t i o n s ,  th e  
change i s  r e v e r s i b l e ;  when the  su lphone (L I )  i s  
h e a te d  a t  a tem p eratu re  o f  1 2 0 - 1 3 0 ° ,  su lph ur d io x id e
t h a t  b u ta d ie n e  su lph one  i s  a v in y lo g u e  o f  the  
unknown e th y le n e  su lp h on e .
lO
I T
50and b u ta d ie n e  are  l i b e r a t e d  . I t  w i l l  be observed
27
D e r iv a t iv e s  o f  b u ta d ie n e  sulphone have f ig u r e d  
as, u n s ta b le  in t e r m e d ia t e s  i n  a r e c e n t  s e r i e s  o f  o u t­
s t a n d in g ly  i n t e r e s t i n g  r e s e a r c h e s .  The employment 
o f  th iop h en  S - d io x id e  or one o f  i t s  d e r i v a t i v e s  as 
the  d ie n e  in  D ie l s - A ld e r  r e a c t i o n s  must alw ays le a d  
to  th e  fo rm a tio n  o f  a (b r id g e d )  d e r iv a t i v e  o f  2 r5 -  
d ih y d r o th io p h en  S - d io x id e  a s  the  prim ary p r o d u ct ,  but
so f a r  o n ly  one such in te r m e d ia te  has been i s o l a t e d .
53B a i l e y  and Cummins (1954) o b ta in e d  th e  example 
( D i l i )  from a D ie l s - A ld e r  co n d e n sa t io n  o f  th iop hen  
S - d io x id e  (L II)  and a c e t y l e n e d ic a r b o x y l i c  e s t e r .  The 
su b s ta n c e  m e lte d  a t  1 0 5 -1 0 6 °  w ith  e v o lu t io n  o f  su lphur  
d i o x i d e ,  to form d i e t h y l  p h t h a la t e .
Thiophen S -d io x id e  i s  n o t a s t a b le  su b s ta n c e .  
In d e ed , i t s  employment in  D ie l s - A ld e r  r e a c t i o n s  i s  
the  outcome o f  the  r e c o g n i t io n  th a t  t h i s  su b sta n ce  
and i t s  d e r i v a t i v e s  are prone to  undergo s e l f -
UTT UTTT
condensation. Thus Stevens ( 1 9 4 0 ) and D a v ie s  (195
i s o l a t e d  a p rodu ct o f  m o le c u la r  form ula gqhq° 3S2 
from a tte m p ts  to  o x id i z e  th io p h e n  to i t s  d io x id e ;  
t h i s  su b s ta n c e  was c o n s id e r e d  by both  to  be the  
p rod u ct  (LIT) o f  the  c o n d e n sa t io n  o f  th io p h e n  S -o x id e  
(d ie n e )  w ith  th io p h e n  S - d io x id e  ( d i e n o p h i l ) :
s o l u t i o n  o f  th io p h en  S - d io x id e  by b rom in ation  o f  
b u ta d ie n e  su lph one  fo l lo w e d  by dehydrobrom ination
O 2 O2
LI V
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Backer and M e l le s  (1951) su cceeded  i n  p r ep a r in g  a
Br Br
o f  th e  p r o d u c t ,  but a f t e r  s ta n d in g  f o r  one day the  
s o l u t i o n  a f f o r d e d  a su b s ta n c e  which th ey  regarded  
as  th e  p rod u ct  (LYI) o f  th e  D i e l s - A l d e r  a d d i t io n  o f
a t h ir d  m o le c u le  o f  th io p h e n  S - d io x id e  to  the  d ien e  
(£V) formed by l o s s  o f  su lph ur d io x id e  from the  
product o f  a primary D ie l s - A ld e r  a d d i t io n  o f  two 
m o le c u le s  o f  th io p h e n  S - d i o x i d e t
° 2
— + o
5 C o
° 2  LV.
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orrjS (or isomer)
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In  a more thorough i n v e s t i g a t i o n  o f  th e  s e l f ­
c o n d e n sa t io n  o f  th io p h e n  S - d io x id e ,  B a i le y  and Cummins 
i s o l a t e d  the  compound (LY) and proved i t s  s t r u c t u r e  
by an in d ep en d en t s y n t h e s i s  o f  th e  hexahydro d e r iv a t iv e , ,
S u b s t i t u t e d  th iop h en  S—d io x id e s  are more s t a b le
59than the p a r e n t  compound. M e l le s  and Backer have  
s u c c e s s f u l l y  prepared  a s e r i e s  o f  t h e s e  by o x id a t io n  
o f  the  co rresp o n d in g  th io p h e n s  w ith  o r g a n ic  p e r a c id s . , 
and th io n a p h th en  S - d io x id e  may be prepared r e a d i l y  
i n  th e  same way. B ord w ell  ( 1 9 5 1 ) ^  and D a v ie s  ( 1 9 5 2 ) ^  
have dem onstrated  t h a t  a t  a h igh  tem perature  th ion ap h th en
S - d io x id e  (LVII) a l s o  undergoes s e l f - c o n d e n s a t i o n  
w ith  fo rm a tio n  o f  the  compound (L V I I I ) :
-S O .2
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57D a v ie s  has shown t h a t  ben zoth ion ap h th en  S - d io x id e s
behave  s i m i l a r l y .  I t  f o l l o w s  from t h e i r  l e s s e r
ten d en cy  towards s e l f - c o n d e n s a t i o n  t h a t  s u b s t i t u t e d
th io p h e n  S - d io x id e s  are l e s s  r e a c t i v e  i n  th e  D i e l s -
A ld e r  c o n d e n s a t io n ,  and the h ig h  tem p eratu res  n e c e s s a r y
have p r e c lu d e d  the i s o l a t i o n  o f  th e  s u lp h u r -c o n ta in in g
adduct s .  A number o f  i n t e r e s t i n g  c o n d e n s a t io n s  have
been d e s c r ib e d  both by M e l le s  (1952) and Duck (1 9 5 5 ) 9
61o f  which two exam ples must s u f f i c e .  M e l le s  has  
prep are d 5 : 4 : 5 : 6  - 1 e t  r  aph eny1 - 1 : 2 - dihydro phth a l i  c 
anhydride (LIX) by c o n d e n sa t io n  o f  t e tr a p h e n y l th io p h e n
S - d io x id e  w ith  m a le ic  anhydride; n a p h t h a le n e - 1 :2-
62d ic a r b o x y l i c  a c id  was made by Duck from th io n ap h th en
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S - d io x id e  and d im eth y l a c e t y l e n e d ic a r b o x y la t e .
W hile th iophen  S - d io x id e  has no arom atic
c h a r a c t e r ,  due to  the  l a c k  o f  th e  f,lo n e  p a i r ” o f
e l e c t r o n s  from the  su lph ur atom r e q u ir e d  to make up
the a ro m a tic  s e x t e t ,  th io p h en  has more arom atic
c h a r a c te r  than  fu r a n . For t h i s  r e a so n  i t  w i l l  n o t
p la y  th e  p a r t  o f  a d ie n e  in  a D ie l s - A ld e r  r e a c t i o n ,
a s  furan  i s  w e l l  known to  do e . g .  w ith  m a le ic
63anhydride fu ran  forms the  adduct (LX) :
V>
i
In  the  case  o f  d e r i v a t i v e s  o f  th io p h e n  formed by 
f u s io n  o f  the  th io p h en  r in g  w ith  o th e r  system s i n  
such  a way t h a t  bond l o c a l i z a t i o n  may be im agined  
to  take p l a c e ,  r e a c t i o n  w ith  a d ie n o p h i l  i s  p o s s i b l e .
1 s 5 s 5 :6 —te t r a p h e n y l ! s o b e n z o th io r h e n  (LXI) w ith  
m a le ic  anhydride to form th e  ad d u ct (L X II).  
T rea ted  w ith  hydrogen c h lo r id e  i n  b o i l i n g  x y l e n e , 
th e  add uct e x p e l l e d  hydrogen su lp h id e  to  form 
L i 4 : 6 : 7 - t e t r a p h e n y ln a p h t h a le n e - 2 : 3 - d ic a r b o x y l i c  
anh ydride  (L X III ) .
A lla n  and G ates ( 1 9 4 3 ) ^  s u c c e s s f u l l y  condensed
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The a n a log ou s  adduct (LXIV) o b ta in e d  from m a le ic  
anhydride and 1 : 3 : 5 s 6 - t e t r a p h e n y l is o b e n z o f u r a n  
l o s e s  th e  epoxy oxygen atom by d e h y d ra t io n  when 
t r e a t e d  w ith  hydrogen c h lo r id e  i n  m eth an o l, to  
form the c o rr esp o n d in g  n a p h th a le n e -2 : 3 - d ic a r b o x y l i c  
a c id  d im eth y l  e s t e r  (LXV). Clapp (1 9 3 9 )65 found  
t h a t  the  h ig h ly  condensed th io p h en  (LXVI) and m a le ic  
anhydride  r e a c te d  t o g e t h e r  a t  a tem perature  o f  225°
w ith  th e  l o s s  o f  hydrogen s u lp h id e ,  to  form the  
co rr esp o n d in g  p h t h a l i c  anhydride (LXVII).
In  the  c a s e s  o f  su lphur e x t r u s io n  so f a r  m en tioned ,  
th e  rem ovable su lp h u r  atom was a t ta c h e d  e i t h e r  to  
two carbon atoms or to  a carbon atom and an o th er  
su liihur atom. Sulphur e x tr u s io n  i s  more g e n e r a l
than t h i s .  M ercaptans l o s e  t h e i r  su lphur to
66t r i e t h y l  p h o sp h ite
O L  >
CO
CO
LXVI LXVt l
5 4
RSH + (EtO) j P  >  EH + (EtO) jP S
S = Me(CH2 )„  , PhCH2
and h e a t  exp e ls ,  su lph ur d io x id e  from some a l i p h a t i c  
and arom atic  su lp h o n y l c h lo r id e s  e . g .  a t  a tem perature  
= o f  1 7 5 -1 9 0 °  cam p hor-7f~su lp hon yl c h lo r id e  (LXVTII)
e v o lv e s  su lp h u r  d io x id e  w ith  fo rm a tio n  o f  'Tf—chlorocamphor
U X IXL X V t l  I
(L X IX )^  and a t  200 -2 50°  su lph ur  d io x id e  i s  e v o lv e d  
from 8—c h lo r o n a p h th a le n e -1 —su lp h on y l c h lo r id e  (LXX)
C1 SOa C l C l C l
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63to  g iv e  l : 8 - d ic h lo r o n a p h t h a le n e '  i n  good y i e l d  
Sulphur d io x id e  may a ls o  be e x p e l l e d  by h e a t  from 
th e  s u l to n e  (LXXII) , which Treibs. ( 1 9 3 7 ) ^  found
o s - o
LXX{ LX X  II l x x h  I
to  be th e  produ ct o f  tr e a tm e n t  o f  pu legon e  (LXXI)
a c id  i n  a c e t i c  a n h y d r id e ) .  In t h i s  way m enthofuran  
(LXXIII) i s  o b ta in e d .  Morel and Verkade (1948-1951)  
have, a p p l ie d  t h e s e  r e a c t io n s  to  the s y n t h e s i s  o f  a 
s e r i e s  o f  a l k y l - s u b s t i t u t e d  fu ra n s  s t a r t i n g  from the  
c o r r e sp o n d in g  asp- or (3:y—u n sa tu r a te d  k e to n e s :
70w ith  H e y c h le r rs  su lp h o n a t in g  r ea g en t  ( s u lp h u r ic
O
This c o n v e r s io n  o f  s u l t o n e s  in to  fu ra n s  has  i t s  
p a r a l l e l  i n  the  more r e c e n t  work o f  Armarego and 
Turner m entioned e a r l i e r ,  whereby d ib e n z - o - d i t 'h i in
o
5:5-dioxide (XXV; p. I 3 ) was converted into
did  enzo th io p h e n .
Since this thesis is concerned with
th e  d e s u lp h u r iz a t io n  o f  d e r i v a t i v e s  o f
t h i e p i n  (LXXIV) i t  w i l l  "be w e l l  to  draw w
L X X IV
the p r e s e n t  r e v ie w  to a c lo s e  "by m en tio n in g  ------------
such  co g n a te  exam ples as  are. known. The p aren t  
h e t e r o c y c l e  (LXXIV) i s  unknown.
Scott (1953)^ prepared. 4-:5-benzothiepin-2:7-~ 
d ic a r b o x y l i c  a c id  (LXXVII) by the condensation of 
o -p h th a la ld e h y d e  (LXXV) and diethyl thiodiacetate
CQ,Et CQjH C02H
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(LXXVI). The t h i e p i n  was very  l a b i l e  and was 
d e su lp h u r iz e d  to  n a p h t h a le n e -2 : 3 -*d ica rb o x y lic  a c id  
(LXXVIII) by b o i l i n g  in  aqueous e th a n o l .  Dimroth
7 -z
and Lenke found t h a t  the d im eth y l e s t e r  o f  the  
d ic a r b o x y l i c  a c id  (LXXVII) was more s t a b l e ,  and were 
a b le  to examine i t s  p r o p e r t i e s  i n  d e t a i l .  They
found th a t  the  e s t e r  formed an a d d i t io n  compound
w ith  m ercu r ic  c h l o r i d e ,  th a t  i t  took  up one
m o lec u le  o f  bromine to  form a dibromo d e r iv a t i v e
th e  p r o p e r t i e s  o f  which were c o n s i s t e n t  o n ly  w ith
the a s s o c i a t i o n  o f  th e  bromine atoms w ith  the  su lphur
atom, and t h a t  i t  added two m o le c u le s  o f  d iazom eth an e .
These p r o p e r t i e s  show t h a t  the  t h i e p i n  r i n g  la c k s
a ro m atic  s t a b i l i t y .  They are n o t  i n  accord  w ith
74-th e  s p e c u l a t i o n s  o f  Arndt , who has a s c r ib e d  the
i n e r t n e s s  o f  one o f  th e  th r e e  su lphur atoms in  an 
i s o m e r iz a t io n  p rodu ct o f  th e  d i s u lp h id e  (LXXIX) to  
i t s  p o s s e s s io n  o f  a s t r u c t u r e  (LXXX) f e a t u r in g  the  
t h i e p i n  r in g .
The e v id e n t  u n sa tu r a te d  n a tu re  o f  the  su lphur  
atom i n  th e  e s t e r  o f  th e  a c id  (LXXVII) s u g g e s t s  
t h a t  the  co rr esp o n d in g  su lphone m ight be p rep arab le
S H S
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by d i r e c t  oxidation. 4:5-Benzothiepin S-dioxide 
(LXXXII) and its derivatives are of particular 
t h e o r e t i c a l  interest because  of their formal 
r e l a t i o n s h i p  to trop one  (LXXXI).
L X X X I  LXXXI  <k_ LXXX11  L X X XI I
A r e s o n a t in g  s t r u c t u r e  (LXXXIIa) may be w r i t t e n  
f o r  4 : 5 - b e n z o th ie p in  S -d io x id e . ,  i n  the  same way
a s  th e  s t r u c t u r e  (LXXXIa) which was considered by
75L o e r in g  and Knox to e x p la in  the a r o m a t ic i t y  
o f  tropone (LXXXI). A p p aren tly  Truce and L o ts p e ic h  
who t a c k le d  t h i s  problem , were unab le  to  o x i d i z e  
S c o t t * s  a c id  (LXXVII) to the c o rresp o n d in g  su lp h on e .  
They d id  however su cceed  in  mailing 4 : 5 - b e n z o t h ie p in  
S—d io x id e  by a more roundabout r o u te .  The 
compound was found to  be too  r e a d i l y  reduced  to 
h ave  s i g n i f i c a n t  arom atic  c h a r a c te r .  On h e a t in g ,
4 : 5 -b e n z o t h ie p in  S - d io x id e  r e l e a s e d  su lph ur d io x id e  
and formed n a p h th a len e  in  good y i e l d .
22F i n a l l y ,  J a r r e t t  has described the  extrusion 
o f  su lphur from a number of derivatives o f  
2 -n i t r o d ib e n z o  [ b , f ] - l : 4 - t h i a z e p i n e  (LXXXIII, &=H).
"R K
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When h e a te d  b r i e f l y  (5—7 min.) w ith  copper bronze
i n  b o i l i n g  d i e t h y l  ph.thala.te th e  n i t r o d i b e n z o t h i a z e -  
p i n e s  (LXXXIII, R=H, Me, Ph or m- LO^.GgH^) gave  
good y i e l d s  o f  the  c o rr esp o n d in g  p h e n a n th r id in e s  
(LXXXIV, R=H, e t c . ) .
The ex p e r im en ts  d e s c r ib e d  i n  t h i s  chapter  are  
an e x t e n s i o n  o f  the  work o f  Summers. The l a t t e r ,  
when he a ttem p ted  to  d e su lp h u r iz e  2 - n i t r o d ib e n z o  
[ b , f ]  t h i e p i n - 1 0 - c a r b o x y l i c  a c id  (IX , R=H; p le a s e  
r e f e r  to  p . 2, ) under th e  c o n d i t io n s  which e x p e l l e d
the  su lph ur atom from th e  8 -m eth y l  homologue  
(IX* R=Me) o b ta in e d  o n ly  2 -n i t r o d ib e n z o  [ b , f ]  t h i e p i n  
(X, R=H; p .  2  ) and (when cuprous o x id e  was used
i n  p la c e  o f  copper) t r a c e s  o f  a s tr a w -y e l lo w  m a te r ia l
o f  m .p . 117° which were i n s u f f i c i e n t  f o r  i t s  
i d e n t i f i c a t i o n .  F urther  a t tem p ts  to o b ta in  
2 -n itr o p h e n a n th r en e  (X I, R = E; p. 2- ) by e x tr u s io n
o f  su lphur from 2 - n i t r o d ib e n z o  [ b , f 3 t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id  were d e s i r a b l e ,  both  from the  p o in t  
o f  v iew  o f  the  e x t e n s io n  o f  the  d e s u lp h u r iz a t io n  
r e a c t i o n  and b eca u se  o x id a t io n  o f  the  p rodu ct to the  
r e a d i l y  a v a i l a b l e  2 -n itr o p h e n a n th r a q u in o n e  would 
p r o v id e  c l e a r - c u t  c o n f ir m a t io n  o f  th e  n a tu re  o f  the  
r e a c t i o n .  T h ese , and o t h e r  ex p er im en ts  which  
d e v e lo p e d  from them, a r e  d i s c u s s e d  i n  the n e x t  s e c t i o n .
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DISCUSSION
2 -N itr o d ib e n z o  [ b , f  ] t h i e p i n - l Q - c a r b o x y l i c  a c id s
(IX , R=H, Me)
The pathway to 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
c a r b o x y l i c  a c id  (IX , R=H) and i t s  8 -m eth y l homologue
(IX , R=Me) was t h a t  f o l lo w e d  by Summers .
77The method o f  Loudon e_t a l .  , u sed  by Summers 
f o r  th e  p r e p a r a t io n  o f  5 - n i t r o -2 - ] > - t o ly l t h io b e n z a ld e h y d e  
(LXXXT, R=Me), was m o d if ie d  by th e  s u b s t i t u t i o n  o f  
p o ta ss iu m  carb onate  f o r  sodium h y d ro x id e .  At a 
tem p erature  o f  60° co n d e n sa t io n  o f  t h i o —]> -c r e so l  w ith  
2 - c h lo r o - 5 -n i t r o b e n z a ld e h y d e  took  p la c e  sm ooth ly ,  
the d a rk en in g  o f  c o lo u r  which o c c u r s  w ith  th e  o r ig i n a l  
method was a v o id e d ,  and the  p e r ce n ta g e  y i e l d  was 
r a i s e d  to  8 2 $ . A y i e l d  o f  the same order  was 
o b ta in e d  when th e  new method was a p p l ie d  to  the  
p r e p a r a t io n  o f  5 - n i t r o -2 -p h e n y lth ia b e n z a ld e h y d e  
(LXXXY., R=H).
The c o n v e r s io n  o f  the 2 - a r y l t h i o - 5 - n i t r o b e n z a ld e -  
h y d es  to th e  co rr esp o n d in g  a z la c t o n e s  (LXXXVI, R=H, Me) 
was the m ost d i f f i c u l t  o f  th e  f i v e  s t e p s  in v o lv e d  in
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th e  s y n t h e s i s .  The methods o f  H erbst and Shemin
3and o f  Gal a t  were "both u s e d .  R e s u l t s  were more 
e a s i l y  r e p r o d u c ib le  when the f i r s t  method was employed, 
and th e  y i e l d s  were l i t t l e ,  i f  any, low er  than th e  
b e s t  o b ta in e d  by the second method. In  each c a se  ■ 
th e  t r o u b le  was due to th e  p r e se n c e  i n  th e  product o f  
i m p u r i t i e s ,  the most annoying o f  which was a h ig h -  
m e l t in g ,  b r i g h t  red  m a t e r i a l ,  w hich  could on ly  be 
removed by f r a c t i o n a l  c r y s t a l l i z a t i o n  from b en zen e .  
lr© afm en t o f  th e  benzene s o l u t i o n  w ith  c h a r c o a l  was 
n o t  s a t i s f a c t o r y  as  a means o f  rem oving th e  more 
s o l u b l e  red  c o lo u r s  v/hich rem ained , b ecau se  t h e s e  
were l e s s  s t r o n g ly  adsorbed  than  the  a z la c t o n e ,  which  
was v e ry  r e a d i l y  tak en  up by c h a r c o a l .  The a z la c t o n e s  
were found to be r a p id ly  h y d ro ly sed  to the  co rresp o n din 
a—acetam ido cinnam ic a c id s  (LXXXVII, R=H* Me) by 
b o i l i n g  a c e t i c  a c i d ,  and, s in c e  th e s e  su b s ta n c e s  
were n o t  removed from the s o l u t i o n  by ch a rco a l  to  any 
e x t e n t ,  a produ ct s u f f i c i e n t l y  pure fo r  u se  i n  th e  
n e x t  s te p  was most e a s i l y  o b ta in e d  by f r a c t i o n a l  
c r y s t a l l i z a t i o n  o f  the crude a z la c t o n e  from benzene  
fo l lo w e d  by trea tm en t o f  an a c e t i c  a c id  s o l u t i o n  w ith  
c h a r c o a l .  I t  was n o t  n e c e s s a r y  to i s o l a t e  the
a -a ce ta m id o c in n a m ic  a c id  from the  f i l t r a t e ,  s in c e  
the  c o n d i t io n s  u sed  by Summers fo r  the h y d r o l y s i s  
o f  t h e s e  compounds could be reproduced  by a d d i t io n  
to  the  f i l t r a t e  o f  th e  c o r r e c t  p r o p o r t io n  o f  d i l u t e  
h y d r o c h lo r ic  a c id .
The 2 - a r y l t h io - 5 - n i t r o p h e n y lp y r u v ic  a c id s  
(LXXXVTr£,R==H, Me) were c y c l i z e d  by a b o i l i n g  m ix tu re  
o f  hydrobrom ic and a c e t i c  a c i d s ,  i n  p r e fe r e n c e  to  
tr e a tm e n t  w ith  p o ly p h o sp h o r ic  a c id ,  th e  r e a g e n t  
employed by Summers. The trea tm en t  w ith  mixed  
hydrobrom ic and a c e t i c  a c id s  was favou red  b ecau se  i t  
was e a s i e r  to ap p ly  on a m oderate  s c a l e ,  was more 
r e a d i l y  rep rod u ced , and gave a purer  p rod u ct .
5 - N i t r o - 2 - £ - t o l y l t h i o p h e n y l p y r u v i e  a c id  (LXXXVTII, 
R=Me) underwent c y c l i z a t i o n  more sm ooth ly  than 5 ~ n itro  
2 -p h e n y l th io p h e n y lp y r u v ic  a c id  (LXXXVIII, R=H). 
8 - M e t h y l - 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n —1 0 - c a r b o x y l i c  
a c id  (IX , E=Me) was o b ta in e d  i n  Q6fo y i e l d  a f t e r  a 
tre a tm en t  l a s t i n g  5 h r . , whereas i t  was n e c e s s a r y  
to  p r o lo n g  th e  p e r io d  o f  b o i l i n g  to  12 h r .  to  secu re  
a 15f° y i e l d  o f  2 - n i t r o d ib e n z o  [b , f  ] t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id  (IX , R=H). T h is  r e s u l t  i s  n o t
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s u r p r i s i n g ,  b ecau se  i t  i s  p robab le  th a t  the  r in g -
c lo s u r e  in v o l v e s  an e l e c t r o p h i l i c  a t t a c k  by the
prot.ona.ted carb onyl group o f  th e  p y r u v ic  a c id  upon
the  benzene r in g  to  which the  group R i s  a t ta c h e d :
HO> c<#  
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79A s i m i l a r  mechanism has been proposed  by Bradsher  
f o r  th e  fo rm a tio n  o f  aro m a tic  sy stem s by c y c lo d e h y d r a t io n ,  
I f  th e  group R has a tendency  to  d on ate  e l e c t r o n s  to  
the benzene r in g ,  e l e c t r o p h i l i c  a t ta c k  o f  the l a t t e r  
sh ou ld  be prom oted. Bor t h i s  r ea so n  the p y ru v ic  
a c id  (LXXXVIIJ,R=Me) would be e x p e c te d  to undergo  
c y c l i z a t i o n  more r e a d i l y  than i t s  lo w er  homologue  
(LXXXVTIJ ? R=H).
D e c a r b o x y la t io n  o f  th e  2 -E itr o d ib e n z o  [b tf  ] t h i e p in - j Q -  
c a r b o x y l ic  a c id s  (IX , R=H, Me)
2Summers managed to  d e c a r b o x y la te  2 -n i t r o d ib e n z o  
[ b , f ] - t h i e p i n - 1 0 - c a r b o x y l i c  a c id  (IX , R=H) i n  4 5 -5 0 fo 
y i e l d  by h e a t in g  w ith  cuprous o x id e  in  q u i n o l in e .
In th e .h a n d s  o f  th e  w r i t e r  t h i s  method gave o n ly  t r a c e s  
o f  2 - n i t r o d i b e n z o [ b , f j t h i e p i n  (X, R=K). Moderate  
y i e l d s  (4 5 -50^ ) were o b ta in e d  by h e a t in g  a s o l u t i o n  o f  
the  a c id  (IX , R = H) i n  d i e t h y l  p h t h a la t e ,  w ith  copper,  
on a m eta l  b a th  a t  250°,. fo r  50 m in. The p r o d u ct ,  which 
was quite; s o lu b le  i n  b o th  d i e t h y l  p h th a la te  and l i g h t  
p e tro le u m , cou ld  not be i s o l a t e d  w ith o u t  d i s t i l l a t i o n  
o f  the; d i e t h y l  p h t h a la t e ,  a c ircu m sta n ce  which made the  
p r e p a r a t io n  t e d i o u s .  When 8 - m e t h y l - 2 -n i t r o d ib e n z o  
[ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  a c id  (IX , R= Me) was su b je c te d  
to  th e  same c o n d i t i o n s ,  on ly  a v ery  sm all q u a n t i ty  o f  
8 -m e th y l—2 - n i t r o d i b e n z o [ b , f ] t h i e p i n  (X, R=Me) was se cu re d .
E s t e r i f i c a t i o n  o f  th e  2 - E i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id s  ( I X ,  R=H, Me)
Treatm ent o f  2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id  (IX , R=H) w ith  an e th e r e a l  s o l u t i o n  o f  
diazom ethane p rov ided  the  m ethyl e s t e r  (XC, R=H) in  
68io y i e l d .  There was a l s o  formed a sm all q u a n t i ty
IX
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o f  a th e r m o la b i le  compound which c o n ta in e d  carbon,  
hydrogen and n i t r o g e n  i n  th e  p r o p o r t io n s  r e q u ir e d  
by th e  e m p ir ic a l  form ula  i b i s
m a t e r ia l  p ro b a b ly  h as  the s t r u c tu r e  o f  m ethyl p y r a z o l in o -  
[4 *:5 *-11 slO ] - 2 - n i t r o d ih y d r o d ib e n z o  [b , f  ] t h i e p i n - 1 0 -  
c a r b o x y la te  (LXXXIX).
Ho a v o id  the  c o m p lic a t io n  a t t e n d a n t  upon th e  use  
o f  diazom ethane as  an e s t e r i f y i n g  a g e n t ,  r e s o r t  was 
made, to  th e  method o f  a c i d - c a t a l y z e d  m e th a n o ly s is .
B o i l i n g  m ethanol a c i d i f i e d  w ith  su lp h u r ic  a c id  
c o n v erted  the. 2 - n i t r o d ib e n z o  [b , f  ] t h i e p i n - 1 0 — 
c a r b o x y l i c  a c id s  (IX , R=H, Me) to t h e i r  r e s p e c t i v e  m ethyl  
e s t e r s  (XG, R = H, Me) i n  y i e l d s  o f '85$ and above.
D e s u lp h u r iz a t io n  E xperim ents
(a ) P r e l im in a r y  Work, w ith  a Q u a l i t a t i v e  B ia s .
The I s o l a t i o n  and C h a r a c t e r iz a t io n  o f  2-K 'itrophenanthrene
The f i r s t  o b j e c t i v e  was to  e s t a b l i s h  the n a tu re  
o f  th e  compound o f  m .p. 117° which was o b ta in e d  by 
Summers from 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  
a c id  (IX , R=H) by tre a tm en t  w ith  cuprous o x id e  in  
b o i l i n g  q u in o l in e .  These c o n d i t io n s  had g iv e n  poor
r e s u l t s ,  and more d r a s t i c  c o n d i t io n s  were used  in  
ord er  to  g e t  a sample o f  pure m a te r ia l  f o r  i d e n t i f i c a t i o n .  
When a m ix tu re  o f  2 - n i t r o d i b e n z o [ b , f j t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id  (IX , R=H) and f r e s h l y  red uced  copper  
w ire  was h e a te d  to  300° under an atm osphere o f  
n i t r o g e n ,  a r e a c t i o n  o f  some v i o l e n c e  took  p la c e ,  
th e  p r o d u cts  b e in g  e j e c t e d  from the r e a c t i o n  v e s s e l  
i n  th e  form o f  a c loud o f  y e l l o w  smoke, which was 
trap ped  i n  b o i l i n g  b en zen e . A p a le  y e l lo w  s o l i d  o f  
nup* 120° and e m p ir ic a l  c o m p o s it io n  was
o b ta in e d  a f t e r  chromatography o f  the c o n c en tr a ted  
benzene s o l u t i o n .  O x id a t io n  o f  t h i s  m a t e r ia l  w ith  
chromium t r i o x i d e  i n  a c e t i c  a c id  gave a m a te r ia l  which  
com parison (m ixed m .p. and in f r a r e d  a b s o r p t io n  s p e c tr a )  
showed to be i d e n t i c a l  w i t h  a sample o f  2 -n i t r o p h e n -  
anthraquinone (XGI) i s o l a t e d  by f r a c t i o n a l  c r y s t a l l i z a t ­
io n  from th e  m ix tu re  which i s  o b ta in ed  by d i r e c t
OA
n i t r a t i o n  o f  phenanttoraquinone . The p o s i t i o n  
o f  the  n i t r o  group i n  the com parison sample i s  not  
i n  d o u b t  owing to th e  work o f  S tr a sb u r g er  and o f  S c h u l t z .
Ol
S tr a sb u r g er  showed t h a t  fu r t h e r  n i t r a t i o n  o f  the  
m a t e r ia l  a f fo r d e d  2 :7 -d in itr o p h e n a n th r a q u in o n e  (XCII)
the structure of which had been established previously
*
by Schultz after a re-examination of the work of Struve
NO,
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S tru ve  had made a d ia m in o d ip h en ic  a c id  from the  
d in itr o p h en a n th ra q u in o n e  by o x id a t io n  to the  
c o rr esp o n d in g  d in i t r o d ip h e n ic  a c id  fo l lo w e d  by 
r e d u c t io n  o f  th e  n i t r o  g rou p s, but he c o n s id e r e d  i t  
to  be d i f f e r e n t  from the 4 - :4 ' -d ia m in o -2 :2 '~ d ip h e n ic
g rz
a c id  (XGIII) o b ta in e d  by G-riess from p h en y la zo x y -  
b e n z e n e - 5 ' - d i c a r b o x y l i c  a c id  (XGIV) by r e d u c t io n
O /
w ith  t i n  and h y d r o c h lo r ic  a c id ,  S c h u l tz  r e p e a te d  
both  p r e p a r a t io n s  and found t h a t  th e  p rod u cts  were  
i d e n t i c a l .
The p rodu ct o f  the  d e s u lp h u r iz a t io n  must th e r e fo r e
be 2 -n itr o p h e n a n th r e n e  (X I, R=H), which was unknown
i n  th e  pure s t a t e  a t  th e  time when the  exp erim en ts
85were perform ed. ochm idt and K e in le  , in  an
ex a m in ation  of the products of the nitration of 
p h en a n th re n e , had shown 2-n itr o p h e n a n th r e n e  to be a 
component of a mixture of m .p. 99°, by the isolation 
o f  2 -n itr o p h e n a n th r a q u in o n e  (XGI) from the  p ro d u cts  
o f  o x id a t io n  o f  th e  m ix tu r e .  Very s h o r t ly  a f t e r  the  
e x p e r im en ts  d e s c r ib e d  abave had been com p leted , Bavin  
and D ew ar^  r e p o r te d  th e  p r e p a r a t io n  o f  2-n i tr o p h e n a n -  
th ren e  by two m ethods. In one method, th e  amino group
o n
o f  2-am inophenanthrene was tran sform ed  in t o  a n i t r o
group by th e  o x id a t io n  o f  th e  diazonium  f lu o r o b o r a te  
w ith  a m ix tu re  o f  cuprous o x id e ,  cu p r ic  s u lp h a te  and 
sodium n i t r i t e :
f f l0 9 CupO,
E- r a 2 1 X" CUS04 , > e - n o2
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R = C14ff9 ,  X = BS4
Ihe y i e l d s  C5—6$ ) o b ta in e d  by t h i s  method are  only  
s l i g h t l y  b e t t e r  than  th o s e  (4$) g iv e n  by th e  d e su lp h u r -
QQi z a t i o n  r e a c t i o n  d e s c r ib e d  a b o v e ,  but th e  second method , 
w hich in v o lv e s  a Wagner-Meerwein rearrangem ent o f  
2 - n i t r o —9~flu o ren y lm eth y L  a c e t a t e  (XOV)
<L?A'
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XCV
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f o l lo w e d  by th e  e l im in a t io n  o f  a m o lec u le  o f  a c e t i c  
a c i d ,  g i v e s  v e ry  s a t i s f a c t o r y  y i e l d s  (89$ ) .  2he 
s t a r t i n g  m a te r ia l  (XCV) i s  made from f lu o r e n e  in  th e
fo u r  s t a g e s  
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each o f  which g i v e s  a y i e l d  o f  above 50?c, so th a t  
t h i s  i s  an e x c e l l e n t  r o u te  to  2-n itr o p h e n a n th r e n e .
The f a c t  t h a t  d e c a r b o x y la t iv e  d e s u lp h u r iz a t io n  
o f  2- n i t r o d ib e n z o  [b , f  ] t i i i e p i n - 10~ c a r b o x y l ic  a c id
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(IX , R=H) produces 2 -n itr o p h e n a n th r e n e  (XI, R=H) 
s u g g e s t s  t h a t  the  d e s u lp h u r iz a t io n  r e a c t i o n  ta k e s  
the s im p le s t  course  p o s s i b l e .  The tr a n s fo r m a tio n  
demands the  breakage o f  a t o t a l  o f  a t  l e a s t  fo u r  
chem ical bonds. D e c a r b o x y la t io n  r e q u ir e s  the  
c le a v a g e  o f  two bonds and d e s u lp h u r iz a t io n  r e q u ir e s  
the  c le a v a g e  o f  a t  l e a s t  two b on d s, a s  shown by the  
d o t te d  l i n e s :  Q
I t  i s  c o n c e iv a b le  t h a t  the course  o f  the  r e a c t i o n  
may i n v o l v e ,  su b seq u en t to  the f i s s i o n  o f  one 
ca rb o n -su lp h u r  l i n k a g e ,  a r o t a t i o n  about on e , or 
b o th ,  o f  th e  bonds j o i n i n g  the  e th y le n e  group 
(atoms n o s .  10 and 1 1 ) to  th e  benzene  r i n g s ,  
f o l lo w e d  by an in tram p le c u la r  s u b s t i t u t i o n ,  which  
would r e q u ir e  th e  c le a v a g e  o f  a f i f t h  bond.
( l *  , r = h) Cm , * = h )
o
( H !  , yCc\/{
I f  the  r o t a t i o n  i s  about th e  bond betw een atoms Nos.
9a and 1 0 , th en  the p rod u ct  w i l l  be 2-n itr o p h e h a n th r e n e  
(X I, R=H): bu t i f  the r o t a t i o n  i s  about the  bond
betw een atoms ho s .  11 and 1 1 a , the p ro d u ct  w i l l  be
4—n itr o p h en a n th r en e  (XCVI). S in ce  4 -n itr o p h e n a n th r e n e
d o es  not appear i n  th e  r e a c t i o n  p r o d u c ts ,  th e r e  can be 
no r o t a t i o n  about th e  11- l l a  bond, and i t  t h e r e fo r e  
seems the  l e s s  l i k e l y  t h a t  the  fo rm a tio n  o f  2- n i t r o -  
phenanthrene o c cu rs  i n  th e  more co m p lic a ted  manner.
To c o n c lu s i v e l y  exclude, a r e - o r i e n t a t i o n  o f  the
m o le c u le  a f t e r  th e  fa s h io n  i n d ic a t e d ,  i t  i s  n e c e s s a r y
to  s tu d y  the d e s u lp h u r iz a t io n  o f  a d i b e n z o [ b , f ] t h i e p in
w ith  a s u b s t i t u e n t  i n  each  benzene r i n g ,  a t  any p o s i t i o n
o th e r  than the  3-  or 7-  p o s i t i o n s  (which are on the
axes: o f  p o s s i b l e  r o t a t i o n ) .  The 8 -m e th y l-2 ~ n itr o d ib e n z o
[ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  a c id  (IX , R=Me) examined
by Summers i s  such a compound, but u n f o r tu n a t e ly  the
p o s s i b l e  p r o d u c ts  are n o t  a v a i la b l e  by o th e r  m ethods.
27The work o f  Armarego and Turner , who showed th a t  
2 : 8~ d im eth y ld ib e n z o th io p h en  (XGVIII) i s  o b ta in ed  from 
Me. Me Me. Me
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2 : 9 - d i m e t h y l d i b e n z o - £ - d i t h i i n  (XCVIl) by h e a t in g  w ith  
co p p er , i s  o f  r e l e v a n c e ,  s i n c e  th e  product would have 
been  2 :6 -d im e th y ld ib e n z o th io p h e n  (XCTX) i f  the  l o s s
H e
X ct x
o f  a. su lphur atom had been accompanied by r o t a t i o n  
about the d ip h e n y l  a x i s .  S in ce  th e r e  i s  no 
e v id e n c e  t h a t  the e x tr u s io n  o f  su lphur from dibenzo  
[ b , f ] - t h i e p i n s  in v o l v e s  any change more co m p lica ted  
than  a u n ion  o f  th e  carbon atoms to  which th e  su lphur  
atom was a t t a c h e d ,  the  s t r u c t u r e s  g iv en  i n  t h i s  t h e s i s  
to  th e  p r o d u cts  o f  such d e s u lp h u r iz a t io n  r e a c t i o n s  
w i l l  embody th e  assum ption  th a t  the s im p le s t  path  i s  
the  tru e  one.
The R e c o g n it io n  o f  2 -M tr o p h e n a n th r e n e -9 —c a r b o x y l ic  
a c id  (G, R=H) as a P roduct o f  th e  D e s u lp h u r iz a t io n  o f
2- R i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0- c a r b o x y l ic  a c id  ( IX , R=H)
The sm oke-cloud which was e m it ted  a t  the moment 
o f  th e  d e s u lp h u r iz a t io n  o f  2- n i t r o d i b e n z o [ b , f j t h i e p i n -  
1 0 - c a r b o x y l i c  a c id  (IX , S=H), c o n ta in e d ,  i n  a d d i t io n  
to  2-n i t r o p h e n a n th r e n e ,  a w h ite  s o l i d  which was much 
l e s s  s o lu b le  in  benzene than th e  n itr o h y d ro c a rb o n .
T h is  was regard ed  a t  the  tim e a s  r e c o v e r e d  2-n i t r o d ib e n z o  
[ b , f ] t h i e p i n - 10- c a r b o x y l i c  a c id .
A q u a n t i ty  o f  c a r b o x y l ic  a c id  which was o b ta in ed  
as a produ ct o f  an a ttem p t to d e su lp h u r iz e  the  same 
m a t e r ia l  (IX , R=H) w ith  cuprous o x id e  in  b o i l i n g
q u i n o l in e ,  was put in  the  same specim en tu b e , fo r  
the same r e a s o n .  7/hen th e  mixed m a t e r ia l  was l a t e r  
examined more m in u te ly ,  i t  was found to have a 
h ig h e r  m e l t i n g - p o in t  than 2- n i t r o d i b e n z o [ b , f ]  
t h i e p i n - l O - c a r b o x y l i c  a c id  (IX , R=H) and a q u ite  
d i f f e r e n t  u l t r a v i o l e t  a b s o r p t io n  spectrum . The 
percentage, o f  carbon and hydrogen c o n ta in e d  by the  
p u r i f i e d  m a t e r ia l  s a t i s f i e d  the e m p ir ic a l  form ula  
^15^9^ 4 * an(  ^ o x id a t io n  w ith  sodium bichromate, in  
a c e t i c  a c id  a f fo r d e d  2 -n itro p h en a n th ra q u in o n e  (X G I), 
which was a g a in  i d e n t i f i e d  (mixed m e l t i n g - p o in t  and 
I n fr a r e d  s p e c t r a )  by com parison w ith  m a te r ia l  made
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by the  method o f  Schmidt and Spoun . The su b sta n ce  
was th ereb y  proved  to be 2-n i t r o p h e n a n th r e n e - 9~ 
c a r b o x y lic .  a c id  ( 0 ,  R=H) „ With the i s o l a t i o n  o f  t h i s  
compound, a l l  th ree  p r o d u cts  probab le  from the  
trea tm en t o f  2-«hitro  d ibenzo  [b , f  ] t h i e p i n - 10- c a r b o x y l i c  
a c id  (IX , R=H) w ith  cqpper have been  r e a l i z e d ,  s in c e  
the  p rodu ct (X, R=H) o f  s im ple  d e c a r b o x y la t io n  
unaccompanied by d e s u lp h u r iz a t io n ,  h as  a lrea d y  been  
d e s c r ib e d .
(b) A Search for More Suitable Conditions and M a t e r i a l
A ll  e f f o r t s  were now d i r e c t e d  to  th e  improvement
o f  the r e a c t i o n  c o n d i t io n s .  The rd r y r trea tm en t
u s e d  h i t h e r t o  waa abandoned i n  favour  o f  a procedure
22d ev e lo p ed  w ith  s u c c e s s  by J a r r e t t  f o r  th e  d esu lp h u r­
i z a t i o n  o f  2- n i t r o d ib e n z o  [b , f ] - l : 4- t h i a z e p in e  
(LXXXIII, R=H, p . 33 ) and i t s  d e r i v a t i v e s ,  whereby 
a s o l u t i o n ,  i n  d i e t h y l  p h t h a la t e ,  o f  the m a te r ia l  to 
be d e s u lp h u r iz e d ,  i s  b o i l e d  w ith  copper bronze in  an 
atm osphere o f  n i t r o g e n .
When 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 10—c a r b o x y l ic  
a c id  (IX , R=H) was s u b je c te d  to th e s e  c o n d i t io n s  fo r  
15 m in. , 2 -n itr o p h e n a n th r e n e  (X I, R=H) was o b ta in ed  
i n  15^ y i e l d .  The method s u f f e r e d  from a d isa d v a n ta g e  
n o t  en cou n tered  by J a r r e t t ,  who was a b le  to p r e c i p i t a t e  
h i s  p ro d u cts  (LXXXIY) by f l o o d i n g  the d i e t h y l  p h th a la te  
s o l u t i o n s  w ith  l i g h t  p e tro leu m . 2-R itro p h en a n th ren e  
I s  m o d era te ly  s o lu b le  in  l i g h t  p e tro leu m , and i t s  
i s o l a t i o n  in  t h i s  s im p le  way i s  im p o s s ib le .  In s te a d  
i t  was n e c e s s a r y  to remove the d i e t h y l  p h t h a la te  by 
d i s t i l l a t i o n  under reduced p r e s s u r e ,  a t e d io u s  
p r o c ee d in g  which may have in c u r re d  l o s s e s  due to  
entra in m en t o f  p rodu ct in  the vapour.
Tile appearance o f  2 - n i t r o d ib e n z o  [b , f  J th ie p in  
(X, R=H) , 2 -n itr o p h e n a n th r en e  (X I, R=H) and 2 - n i t r o ­
phenanthrene—9 - c a r b o x y l i c  ac id  (£> R=H) a f t e r  the  
h e a t in g  o f  2- n i t r o d i b e n z o [ b , f ] t h i e p i n - 10—c a r b o x y l ic  
a c id  (IX , B=H)- w ith  cop p er , i n v i t e s  s p e c u la t io n  about  
the r e l a t i v e  e a se  o f  the r e a c t i o n s
»  X + oo2
£  + S (a s  CuS or  Cu2S)
XT + S (a s  CuS o r  Gu2S)
■> XI + G02
The d is c o v e r y  o f  2 -n i t r o p h e n a n th r e n e -9 -c a r b o x y l ic  
a c id  (C, R=H) i s  r a th e r  s u r p r i s in g ,  s in c e  the m a te r ia l  
h a s  tw ic e  escap ed  d e c a r b o x y la t io n  ( r e a c t i o n s  1 and 4 ) .  
I t s  o c cu rr en ce  may be e x p la in e d  by p r o p o s in g  th a t  
r e a c t i o n  ( 2 ) i s  f a s t e r  th an  r e a c t i o n  ( 3 ) ,  th a t  r e a c t i o n  
(1 ) i s  f a s t e r  th a n  r e a c t i o n  ( 4 ) ,  or  th a t  both o f  th e s e  
f a c t o r s  are  in v o lv e d .  The q u e s t io n  o f  th e  r e l a t i v e  
r a t e s  o f  r e a c t i o n s  (1 ) and ( 4 ) h as  no p r a c t i c a l  
r e l e v a n c e ,  b eca u se  the t o t a l  r a t e  o f  d e s u lp h u r iz a t io n  
i s  in d ep en d en t o f  th e  answer. On th e  o th e r  hand, i f
(1 ) IX
( 2 ) IX
(3 ) X
(4) C
r e a c t i o n  ( 2 ) i s  f a s t e r  than  r e a c t i o n  ( 3 ) ,  c l e a r l y  
the y i e l d '1 o f  d e su lp h u r iz e d  m a te r ia l  w i l l  he i n v e r s e l y  
in f lu e n c e d  by th e  r a te  o f  r e a c t i o n  ( l ) .
S in ce  the  d e c a r b o x y la t io n  o f  e s t e r s  i s  u n u su a l ,  
i t  was hoped t h a t  su lp h u r  e x tr u s io n  from an e s t e r  
o f  the a c id  (IX , R=H) m ight go more sm ooth ly . I t  
seemed r e a s o n a b le  to assume th a t  rep lacem en t o f  the  
hyd ro xy l group o f  th e  ac id  (IX , R=H) by an a lk oxy  
r a d i c a l  would n o t  a l t e r  the environm ent o f  th e  
su lph ur  atom s u f f i c i e n t l y  to h in d er  i t s  e l im in a t io n .
A s o l u t i o n  o f  m ethyl 2 - n i t r o d i b e n z o [ b , f j t h i e p i n -  
1 0 - c a r b o x y la t e  (XC, R=H) i n  d i e t h y l  p h th a la te  was 
b o i l e d  w ith  copper f o r  v a r io u s  p e r io d s ,  in  an 
atmosphere o f  n i t r o g e n  and under s t r i c t l y  anhydrous 
c o n d i t io n s  (b ecau se  the b o i l i n g - p o i n t  o f  d im eth y l  
p h t h a la t e  i s  1 4 ° below th a t  o f  the d i e t h y l  e s t e r ,  
the r i s k  o f  e s t e r  in te r c h a n g e  was a c c e p t e d ) .
I f  the s i t u a t i o n  were as  s im ple  a s  r e p r e s e n te d ,  
th e n  the y i e l d  cou ld  not be a f f e c t e d  by r e a c t i o n  
v e l o c i t i e s ;  u n f o r t u n a t e ly , u n d e s ir a b le  s i d e - r e a c t i o n s
(c h a r r in g )  accounted  fo r  the  g r e a te r  p a r t  o f  the  
s t a r t i n g - m a t e r i a l ,  so i t  was im p o s s ib le  to p ro long  
the r e a c t i o n  tim e i n d e f i n i t e l y ;  the  y i e l d  i s  
th e r e f o r e  dependent on r e a c t i o n  r a t e s .
The h ig h e s t  y i e l d s  o f  product were 38.8$ and 3 9 .27b, 
a c h iev e d  w ith  re f l u x i n g  p e r io d s  o f  7 and 11 min. 
r e s p e c t i v e l y .  The s t r u c t u r e  o f  the product was 
proved to be t h a t  o f  m ethyl 2-n itr o p h e n a n th r e n e —9-  
c a r b o x y la te  ( C l ,  R=H) by h y d r o ly s i s  to 2 -n i tr o p h e n -  
a n t h r e n e - 9 - c a r b o x y l i c  a c id  ( £ ,  R=H), w hich was 
i d e n t i f i e d  by com parison (mixed m.p* and u l t r a v i o l e t  
a b s o r p t io n  s p e c tr a )  w ith  th e  sample a lr e a d y  a t  hand. 
M ethyl 2 -n i t r o p h e n a n th r e n e - 9 - c a r b o x y la te  was found  
to  be  i n s o l u b l e  i n  l ig h t - p e t r o l e u m ,  and was r e a d i ly  
p r e c i p i t a t e d  from i t s  s o l u t i o n  in  d i e t h y l  p h th a la te  
by a d d i t io n  o f  l i g h t  p e tro leu m . T h is  made i t s  
i s o l a t i o n  from th e  r e a c t i o n  m ixture  much e a s i e r  and 
more dependable than the i s o l a t i o n  o f  2 -n itr o p h e n a n th r en e  
(X I, R=H) a f t e r  th e  trea tm en t o f  2 - n i t r o d i b e n z o [ b , f ] 
t h i e p i n  (X, R=H) w ith  copper in  b o i l i n g  d i e t h y l  
p h t h a la t e .  Furtherm ore, owing to  s c a r c i t y  o f  m a te r ia l  
the l a t t e r  ex p er im en t could  o n ly  be t r i e d  o n c e ,  so 
t h a t  i t  was n o t  p o s s i b l e  to  make a f a i r  comparison  
o f  the  t e n d e n c ie s  o f  the e s t e r  (XC, R=H) and o f  the  
t h i e p i n  (X, R=H) to l o s e  a su lphur atom. The y i e l d  
o f  2 -n itr o p h e n a n th r en e  (X I, R=H) o b ta in e d  from
2- n i t r o d ib e n z o  [ b , f  ] t h i e p i n  was 19$ .
Now t h a t  the  u se  o f  an e s t e r  had been shown to be 
p r o f i t a b l e ,  a t t e n t i o n  was tu rn ed  to th e  d e s u lp h u r iz a t io n  
o f  m eth y l 8- m e t h y l - 2- n i t r o d i b e n z o [ b , f ] t h i e p i n - 10-  
c a r b o x y la te  (XG, R=Me), the m ethyl e s t e r  o f  th e  a c id  
(IX , R=Me) d e su lp h u r iz e d  by Summers. The e s t e r ,  
h e a te d  under r e f l u x  w ith  d i e t h y l  p h th a la te  and copper  
f o r  7 m i n . , in  two s u c c e s s i v e  ex p er im en ts  y i e l d e d  
53$  and 55$  o f  m eth y l 7- m e t h y l - 2- n i tr o p h e n a n th r e n e -  
S—c a r b o x y la te  (£ 1 ,  R = M e), a sample o f  which was 
h y d r o ly s e d  to  7~ m e th y l-2-n i t r o p h e n a n t h r e n e - 9- c a r b o x y l i c  
a c id  ( £ ,  R=Me) .
As d e s c r ib e d  abov e , th e  d e s u lp h u r iz a t io n ,  under 
i d e n t i c a l  c o n d i t io n s ,  o f  m ethyl 2- n i t r o d i b e n z o [ b , f ] 
t h i e p in - 1 0 - c a r b o x y l  ate: (XC, R=H) and i t s  8-m eth y l  
homologue (XG, R=Me), p roceed ed  i n  y i e l d s  o f  39$ and 
54$ r e s p e c t i v e l y .  T h is  r e s u l t  r e p e a t s  the trend  
d i s p l a c e d  by the p a ren t  a c id s  (IX; R=H, M e), towards  
e a s i e r  e x t r u s i o n .o f  su lp h u r  i n  the case  o f  th e  8-m eth y l  
compound.
The d i f f e r e n c e  i n  the e a se  o f  d e s u lp h u r iz a t io n  
o f  such c l o s e l y  r e l a t e d  su b s ta n c e s  i s  s t r i k i n g .
I t  was noted  p r e v io u s ly  th a t  2 - p - t o l y l t h i o - 5 -
n i t r o p h e n y lp y r u v ic  a c id  (LXXXVIII, R=Me) was more 
e a s i l y  c y c l i z e d  than 2- p h e n y l t h i o - 5- n i t r o p h en y lp y ru v ic  
a c id  (LXXXVIII, R=H) and th e  s u g g e s t io n  was put  
forw ard t h a t  t h i s  was due to th e  g r e a te r  s u s c e p t i b i l i t y  
to  e l e c t r o p h i l i c  a t t a c k  o f  the  p - t o l y l  group. The 
f a c t . t h a t  the products: o f  t h i s  c y c l i z a t i o n  show a 
p a r a l l e l  r e l a t i v e  t r a c t a b . i l i t y  in  the  d e s u lp h u r iz a t io n  
r e a c t i o n  must s u g g e s t  t h a t  th e  c o n t r ib u t io n  o f  th e  
m eth y l group o f  8- m e t h y l - 2- n i t r o d i b e n z o [ b , f ] t h i e p i n - 10-  
c a r b o x y l i c  a c id  to the e l e c t r o n  d e n s i t y  i n  the  benzene  
r in g  to which i t  i s  c o n jo in e d ,  makes su lp h u r  e x tr u s io n  
e a s i e r  than i n  th e  c a s e  o f  2-n i .tr o d ib e n z o  [b , f  ] t h i e p i n -  
10—c a r b o x y l ic  a c i d ,  which l a c k s  an e l e c t r o n - r e l e a s i n g  
s u b s t i t u e n t .  Support fo r  t h i s  v iew  may be found  
i n  th e  l i t e r a t u r e .
Parham h a s  dem onstrated  t h a t  2 : 5 -d ip h e n y l  
d i t h i i n  (XLIV) has. arom atic  p r o p e r t i e s .  Thus i t  may 
be n i t r a t e d  and brom inated a t  th e  u n s u b s t i t u t e d  
p o s i t i o n s  i n  th e  d i t h i i n  r in g :  the  n i t r o ,  bromo,
d i n i t r o , dibromo and brom onitro  d e r i v a t i v e s  have a l l  
been  prepared  i n  t h i s  w a y ^ ’^ .  In  an a ttem p t to  
fo rm y la te  the m o le c u le  by trea tm en t w ith  phosphoryl
chloride and dimethylformamide at 100°, however, 
a d e r i v a t i v e  o f  thiophen v i z .  2:4-diphenyl-5-th.enaldehyde 
( G U I ) ,  was obtained instead o f  the anticipated
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2 s 5- d i p h e n y l - ^ - d i t h i i n - 3- a l  dehyde ( C I I ) ^  .
Any endeavour to  r a t i o n a l i s e  t h i s  b eh a v io u r  must 
above a l l  take account o f  th e  f a c t  t h a t  the  a ldehyde  
group tu r n s  up i n  p o s i t i o n  5 , and n ot i n  p o s i t i o n  3 , 
o f  th e  p r o d u c t .  Parham and T r a y n e l i s  proposed a 
mechanism which, w r i t t e n  in an a b b r e v ia te d  form, is 
as f o l l o w s :
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The p o s t u la t e d  in te r m e d ia te  a ldehyd e  (O il )  may be 
w r i t t e n  in  the  c a n o n ic a l  form (O il  a ) , which  
includes^ a 1 : 2-e .p is u lp h id e  r in g ;  t h i s  p o la r iz e d  
s t r u c t u r e  (O il  a) may th en  d i s s i p a t e  i t s  e l e c t r i c a l  
charges, by an e l e c t r o n  r e la y  movement i n v o l v i n g  the  
detachm ent o f  th e  su lp h u r  atom from th e  e p is u lp h id e  
r in g .  A ccord ing  to  t h i s  r e p r e s e n t a t io n ,  i t  i s  the  
e x i s t e n c e  i n  2 : 5 - d i p h e n y l - p - d i t h i i n - 3 - a l d e h y d e  (G il )  
o f  a s i t u a t i o n  w hich  amounts a lm o st  to  t h a t  p r e se n t  
i n  th e  co n ju ga ted  system  o f  an a: (3—y : £ - d i e n i c  a ldehyde  
( e . g .  th e  produ ct G U I)  which makes the r e a c t i o n  
p a r t i c u l a r l y  e a s y .  This k ind  o f  “q u a s i -c o n ju g a t io n "  
i n v o l v e s  on ly  the  su lph ur in  p o s i t i o n  1 , b eca u se  
im ag in ary  rep lacem ent o f  the  o th e r  —S— l i n k  by a p a ir  
o f  e l e c t r o n s  l e a d s  to the  u n con ju gated  system o f  a 
(3:y-unsaturate&  a ld e h y d e . Hence the e p is u lp h id e  r in g ,  
which by t h i s  ana logy  I s  comparable to  a double  bond, 
i s  p r e f e r e n t i a l l y  formed roun.jf the Ho. 1 atom, which  
i s  th en  ex tru d ed . The mechanism th ereb y  a c co u n ts  fo r  
the p o s i t i o n  o f  th e  a ldehyde group i n  the p ro d u ct .
When an a ttem p t was made to  fo rm y la te  2 :5 -d ip h e n y I -
3 - n i t r o - p - d i t h i i n  (XIV, R^IO^) under the same
conditions, the compound obtained was 2:4-diphenyl-
J f  k  — *  f t
X I V  X L V U 1
5 - n i t r o th io p h e n  (XLVIII, R=H02 ) .  The same d ip h e n y l-
n i t r o - j a - d i t h i i n ,  h e a te d  a lo n e  under n i t r o g e n ,
underwent d e c o m p o sit io n  a t  1 3 5 ° ,  a l s o  w ith  form ation
48o f  2 :4 -d ip h e n y l—5 -n i t r o th io p h e n  • These r e s u l t s
are in  a ccord an ce  w ith  th e  mechanism, because  the
n i t r o  group i s  a b le ,  by means o f  i t s  s im i la r  -M
e f f e c t ,  to  p la y  the  p a r t  o f  the form yl group in  the
p o s t u la t e d  in te r m e d ia te  ( O i l ) .  As we would e x p e c t ,
2 : 5- d i p h e n y l - ^ - d i t h i i n  i s  l e s s  t h e r m o la b i l e ,
b eca u se  i t  l a c k s  a s u b s t i t u e n t  w ith  a pow erfu l -M
e f f e c t .  In  t h i s  in s t a n c e  d eco m p o sit io n  does not
o47b e g in  below a tem perature  o f  190 .
I t  w i l l  be seen  t h a t  Parham*s mechanism may 
h e lp  to  e x p la in  th e  d e s u lp h u r iz a t io n  o f  2—n itr o d ib e n z o  
[ b , £ ] t h i e p i n —1 0 - o a r b o x y l ic  a c id  (IX , R=H) and r e l a t e d  
compounds, b eca u se  the  n i t r o  group i s  i n  a p o s i t i o n
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which allows the canonical form (iXa) to he written.
ITo attem p ts  have been made to 
d e su lp h u r iz e  d e r i v a t i v e s  of 
d ib e n z o [ b , f J t h i e p in  which do 
n o t  p o s s e s s  a n i t r o  group, so 
i t  i s  n o t  p o s s i b l e  to a s s e s s  
th e  i n f lu e n c e  o f  the  n i t r o  
group in  t h i s  s e r i e s .  In th e  r e l a t e d  dibenzo[b,f] 
t h ia z e p in e  s e r i e s ,  how ever, some p e r t in e n t  r e s u l t s  are  
a v a i l a b l e .
I X a.
CI V C V
J a r r e t t  found t h a t  tr e a tm e n t  of 2- n i t r o - l l - p h e n y l -  
d ib en zo  [b , f  3 - 1 : 4 - th ia z e p in e  (CIT, R=1S0^) w ith  copper  
bronze i n  b o i l i n g  d i e t h y l  p h t h a la te  fo r  5 -7  min. was 
s u f f i c i e n t  to  g iv e  a good y i e l d  o f  7- n i t r o ~ 9-p h e n y l-  
p h en a n th r id in e  (GY, In another  ch a p ter  o f
t h i s  t h e s i s  th e  d e s u lp h u r iz a t io n  o f  11-p h en y ld ib en zo
[ b , f ] - l :4 ~ t h ia z e p in e  (CIV, R=H) i s  d e sc r ib e d ;  
s u b j e c t io n  o f  t h i s  m a te r ia l  to  the  same treatment 
fo r  7 m in. a f fo r d e d  9 -p h en y lp h en a n th r id in e  
(CT, R=H) i n  o n ly  33$ y i e l d .  The n i t r o  group 
t h e r e f o r e  seems to have an a c c e l e r a t i n g  i n f l u e n c e ,  
a lth o u g h  the c o n tr a r y  i s  su g g e s te d  by an oth er  
Experim ent o f  J a r r e t t rs which showed 2 :4- d i n i t r o - 11-  
p h e n y l d i b e n z o [ b , f ] - l : 4- t h ia z e p in e  (CTI) to  be 
u n r e sp o n s iv e  to b r i e f  treatm en t under th e s e  conditions 
The d is c r e p a n c y  may be due to th e  f a c t  t h a t  the  
f u n c t io n  o f  th e  copper has not been taken  into account 
D on ation  o f  a p a ir  o f  e l e c t r o n s  %
s t e p ,  and the. p r e se n c e  o f  a
n i t r o  group i n  p o s i t i o n  4 may p r e v en t  a sufficiently
c l o s e  approach o f  th e  m o lec u le  to th e  m eta l surface
t© a l lo w  t h i s  to happen. C e r ta in ly  a  p r e l im in a r y
s te p  o f  t h i s  n a tu re  should  a s s i s t  a d e s u lp h u r iz a t io n
w hich o p e r a te s  through a mechanism o f  th e  Parham type,
42b e c a u se  i t  h as  been a ff irm ed  th a t  a three-membered
by the  su lphur atom to the  
s u r f a c e  o f  the  copper c a t a l y s t  
could  w e l l  be a p r e l im in a r y
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r in g  c o n ta in in g  a su lp h u r  atom i s  u n s ta b le  when
the v a le n c y  o f  the  su lphur i s  g r e a t e r  than two;
th u s  the on ly  a u th e n t ic  i n s t a n c e s  o f  such compounds
are. th e  ep isu lp hon es; o f  S ta u d in g er  and P fen n in g er  ^
36and o f  Vargha and Kovacs ( p le a s e  r e f e r  to th e  
I n t r o d u c t io n ,  p .  17 ) ;  a g a in ,  B o r d w e l l^  has
p u b l is h e d  k i n e t i c  e v id e n c e  th a t  the fo rm a tio n  o f  
o l e f i n s  from a—c h i or o su lp h o n e s  a c co r d in g  to the  
e q u a t io n
RCH2 *SO2 .CHOIR' + 3H0~  >  RCB^CHR'+Cl'+SG-^E^O
(R=R'=H; R=R, R'=Ph; R=Ph, R'=H)
t a k e s  p i v i a  an in te r m e d ia r y ,  u n s t a b le  e p isu lp h o n e .  
90K nott h as  made some i n t e r e s t i n g  com parative  
s t u d i e s  o f  th e  d e q u a t e r n iz a t io n  o f  3~m ethyl~2-phenacy-l' 
tM -obenzoth laz;olium  bromide (GYIl)- and 2 - b e n z o y l t h io — 
m e th y l-3 ~ m e th y lb e n z o th ia z o l iu m  m eth o su lp h a te  (OX). 
T reated  w ith  t r ie th y la m in e  a t  2 5 ° ,  th e  f i r s t  compound 
became c o n v e r te d ,  w ith  the  l o s s  o f  hydrogen bromide  
and a su lp h u r  atom, in t o  3- m e t h y l - 2- p h e n a c y l id e n e -  
b e n z o t h ia z o l in e  (CIX). Under the same c o n d i t io n s
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the  second s a l t  i s  c o n v e r ted  in t o  a m a te r ia l  which  
i s  form u la ted  as 2- b e n z o y l th io m e th y le n e - 3-m e th y l-  
b e n z o t h ia z o l in e  (CX I), w i th  the l o s s  o f  m ethyl  
hydrogen s u lp h a te .  The product (CXI) how ever,  
when t r e a t e d  w ith  t r i f t e t h y l  amine a t  8 0 ° ,  i s  a l s o  
tra n sfo r m ed , w ith  l o s s  o f  a su lp h u r  atom, in t o
3 -m e th y l - 2 -p h e n a c y l id e n e b e n z o t h ia z o l in e  (CIX). Knott 
belienres t h a t  the  e l im in a t io n  o f  hydrogen bromide  
from 3 -m e th y l-2 -p h e n a c y lth io b e n z o th ia z o l iu m  bromide 
(by rem oval o f  a p ro ton  from the a c t i v e  m eth y len e  
group) l e a d s  to  an u n s ta b le  e p is u lp h id e  (CVIII) which  
forms the  o l e f i n  (CIX) by e x tr u s io n  o f  the  su lph ur  
atom* On the  o th e r  hand, t h e . s t r u c t u r e  (C X Ia), which  
a l s o  in c o r p o r a t e s  an e p is u lp h id e  r i n g ,  i s ,  because  
o f  i t s  p o la r  c h a r a c te r ,  an un im portant c o n tr ib u to r  
to  th e  reson a n ce  h yb r id  o f  d e q u a te r n iz e d  2- b e n z o y l -  
t h io m e t h y l - 3-m eth y lb e n z o th ia z o l iu m  m e th o su lp h a te , o f  
which th e  u n p o la r iz e d  form (CXI) i s  th e  t y p i c a l  s t r u c t u r e .  
Thus, the  d e q u a ter n iz ed  me tho s u lp h a te  (CX) has l i t t l e  
e p is u lp h id e  c h a r a c te r ,  and K nott c o n s id e r s  t h i s  to be 
the r e a so n  th a t  i t  i s  l e s s  r e a d i l y  d e su lp h u r iz ed  than  
d e q u a ter n iz ed  3-m ethy 1 - 2- p h e n a c y lth io b e n z o th ia z o l iu m  
brom ide.
K nott h a s  summed up h i s  r e s u l t s  w ith  t h i s  very- 
n e a t  g e n e r a l i z a t i o n :  the  g r e a t e r  the + M e f f e c t  o f
one o f  the groups a t ta c h e d  to  the  su lp h u r  atom o f  an
o r g a n ic  s u lp h id e ,  and th e  g r e a t e r  the -M e f f e c t  o f
th e  o th e r  group , the l e s s e r  i s  th e  s t a b i l i t y  o f  th e
s u lp h id e .  Thus, i n  s t r u c t u r e  (CVIIIa) the  s tro n g
-M e f f e c t  o f  the q u aternary  n i t r o g e n  atom and the
s t r o n g  +M e f f e c t  o f  the e n o l  an ion  en su re  th a t  th e
form (CVTIIa) has l i t t l e  s i g n i f i c a n c e  and t h a t  the
s t r u c t u r e  (CVIII) i s  dominant in  th e  reso n a n ce  h yb rid ;
on th e  o th e r  hand, in  th e  s t r u c t u r e  (CXI) the - k  and
+M e f f e c t s  o f  th e  carbonyl group and te r n a r y  n i t r o g e n
atom, r e s p e c t i v e l y ,  are much weaker b eca u se  t h e i r
o p e r a t io n  demands the  s e p a r a t io n  o f  e l e c t r i c a l  ch a rg e ,
r a th e r  than  i t s  n e u t r a l i z a t i o n ,  so t h a t  th e  form
(CXI) i s  dominant in  the reson an ce  h y b r id .
T h is  g e n e r a l i z a t i o n  o f  K n o tt ’ s f u r n i s h e s  an 
e x p la n a t io n  o f  th e  d i f f e r i n g  r e sp o n s e s  o f  2 - n i t r o -  
dibenz© [b , f  ] t  h i  e p in - 1 0 -c a r  bo x y l ic ,  a c id  GlX, R=H) and 
8 - m e t h y l~ 2 ~ n i t r o d ib e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  
a c id  (IX , E=Me) to copper i n  b o i l i n g  d i e t h y l  p h t h a la t e .  
In the  m o le c u le  o f  th e  a c id  (IX , R=H) the su lph ur atom 
i s  jo in e d  on one s id e  to a group w ith  a pow erfu l -M 
e f f e c t  (th e  jo -n itro p h e n y l  group) and on the  o th e r  s id e
7C
to  a group with a moderate +M effect (the phenyl
c o .  H co~H
e oe
(IK , * = H) (IK , "R= m«)
g ro u p } , w h ile  in  the m o le c u le  o f  t h e  a c id  (IX , H=Me) 
the su lp h u r  atom i s  jo in e d  to  the same -M group and 
to  a +M group ( th e  p - t o l y l  group) f o r t i f i e d  by a 
h y p ereo n ju g a ted  m ethyl group. P o la r iz e d  c a n o n ic a l  
form s c o n t a in in g  the e p is u lp h id e  r in g  would t h e r e f o r e  
be e x p e c ted  to be o f  more im portance in  the reson an ce  
h y b rid  o f  8—met h y l - 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id  than i n  the reso n an ce  hybrid  o f  i t s  
lo w er  hom ologue, and so the 8 -m eth y l compound should  
undergo e x tr u s io n  o f  su lp h u r  more r e a d i ly  ( s in c e  
i n  each  m o le c u le  the carb oxy l group i s  n o t  co n ju gated  
w ith  the  r ig h t -h a n d  benzene r in g ,  th e r e  should be 
l i t t l e  d i f f e r e n c e  i n  th e  r a t e s  o f  d e c a r b o x y la t io n ,  
and any e f f e c t s  o f  th e  k in d  c o n s id e r e d  on p. 5'7 
should  be eq u a l in  b o th  c a s e s ) .
Wh.ile the  h e t e r o l y t i c  mechanism e n la rg e d  upon
i n  th e  f o r e g o in g  p ages may e x p la in  the  a v a i la b l e
f a c t s  in  a q u a l i t a t i v e l y  c o r r e c t  manner, th e  b o i l i n g -
p o in t  o f  d i e t h y l  p h th a la te  i s  2 9 6 ° ,  and a t  such a
tem p erature  th e  o p e r a t io n  o f  a h o m o ly t ic  mechanism
cannot be r u le d  o u t .
D ia r y l  d i s u lp h id e s  are b e l i e v e d  to d i s s o c i a t e
i n t o  f r e e  r a d i c a l s .  A ccord in g  to SchJhberg, Rupp and 
91Gumlich , d ip h e n y l  d i s u lp h id e  d i s s o c i a t e s  in t o  
p h e n y lth io  r a d i c a l s
Ph, -  S -  S -  Ph ^  2PhS.
12a t  q u i t e  low te m p e r a tu r e s .  Hauptmann e t  a l .  
have shown t h a t  tr e a tm m t o f  a s o l u t i o n  o f  d ip h en y l  
d is u lp h id e  and d i —1 -n a p h th y l  d i s u lp h id e  i n  b o i l i n g  
x y le n e  w ith  d e -g a ss e d  Raney n i c k e l  l e a d s  to a m ixture  
o f  a lm ost  equal q u a n t i t i e s  o f  d ip h en y l s u lp h id e ,  
d i —1—n ap h th y l su lp h id e  and l~ n a p h th y l  phenyl s u lp h id e .  
T his i s  i r r e f u t a b l e  e v id en ce  t h a t  the  e x tr u s io n  o f  
su lp h u r  from d ip h e n y l  d i s u lp h id e  w ith  d e -g a s s e d  Raney 
n i c k e l  i s  an in te r m o le c u la r  r e a c t io n :  i t  i s  th e r e fo r e
v e ry  l i k e l y  t h a t  f r e e  r a d i c a l s  are th e  r e a c t i v e  s p e c i e s .  
At th e  p r e s e n t  tim e th e re  appears to be no ev id en ce  
e i t h e r  to  prove or to d isp r o v e  th e  p a r t i c i p a t i o n  o f
f r e e  r a d i c a l s  i n  the e x tr u s io n  o f  su lphur from 
d i  a r y l  su1phi d e s .
I t  w i l l  he w e l l  to conclu de  t h i s  s e c t i o n  by 
summarizing the  ex p er im en ta l f in d in g s  from a s t r i c t l y  
p r a c t i c a l  p o in t  o f  v iew .
2 - H i t r o d i b e n z o [ b , f ] t h i e p i n  (X, R=H), the 2 - n i t r o -  
d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  a c id s  (IX , R=H, Me) 
and t h e i r  m ethyl e s t e r s  (XC, R=H, Me) have a l l  been  
co n v e r ted  to  d e r i v a t i v e s  o f  phenanthrene by trea tm en t  
w ith  copper a t  a m o d era te ly  h ig h  tem p eratu re . The 
f i r s t  compound was not a v a i la b l e  i n  s u f f i c i e n t  
q u a n t i ty  f o r  a s y s te m a t ic  stu d y  to  be made. The 
a c i d s  may each g iv e  as. many as. th r e e  p ro d u cts  under  
t h e s e  c o n d i t i o n s ,  a lth o u gh  Summers su cceeded  in  o b t a in ” 
i n g  a s a t i s f a c t o r y  y i e l d  o f  7 -m e th y l-2 -n itr o p h e n a n th r e n  
(X I , R=Me) from the a c id  (IX , R=Me)• The m ethyl e s t e r s  
( 0 1 ,  R=H, Me) o f  th e  2 -n i t r o p h e n a n th r e n e -9 -c a r b o x y l ic  
a c id s  ( 0 ,  R=H, Me) are r e l a t i v e l y  i n s o lu b l e  su b s ta n c es  
which may be i s o l a t e d  from a h i g h - b o i l i n g  s o lv e n t  w ith ­
o u t  r e c o u r s e  to  d i s t i l l a t i o n ,  so t h a t  the use  o f  the  
t h i e p i n - e s t e r s  (XG, R=H, Me) i s  to  be p r e fe r r e d  from 
c o n s id e r a t io n s  o f  m a n ip u la t iv e  e a se ;  the  y i e l d s  are  
m oderate but r e p r o d u c ib le .  I t  i s  however d o u b tfu l  i f  the
d e s u lp h u r iz a t io n  o f  d ibenzo [b , f  ] t h i e p i n s  has  
p r e p a r a t iv e  v a l u e .
The l o s s  o f  a su lp h u r  atom from the t h i e p in  
d e r iv a t iv e s :  m entioned above i s  accom panied by a 
s t r i k i n g  change in  the shape o f  th e  u l t r a v i o l e t  
l i g h t  a b s o r p t io n  c u r v e s :  the  p r e s e n t a t io n  o f  th e
s p e c t r a  i s  arranged to b r in g  out t h i s  c o n t r a s t .
U l t r a v i o l e t  A b sorp tio n  S p e c tr a  
(measured i n  95$ e th a n o l)
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EXPERIMENTAL
M e lt in g - p o in t s  are  u n c o r r e c te d ,  u n l e s s  th e  co n trary  
i s  s t a t e d .
U l t r a v i o l e t  a b s o r p t io n  s p e c tr a  were measured w ith  
a Unicam S .P .  500 sp ec tro p h o to m e ter .  C o r r e c t io n s  
were a p p l ie d  f o r  i n e q u a l i t y  o f  c e l l  t r a n s m is s io n ,  
e x c e p t  where the s p e c t r a  are d e sc r ib e d  as  u n c o r r e c te d .
I n fr a r e d  a b s o r p t io n  s p e c tr a  were record ed  by a 
P erk in  Elmer sp ec tro p h o to m eter  (Model h o . 1 3 ) .  The 
sam ples were prepared as s u s p e n s io n s ,  e i t h e r  in  
p r e s s e d  d i s c s  o f  p o tass iu m  c h lo r id e  or in .N u j o l ;  the  
method u sed  i s  in d ic a t e d  in  each in s t a n c e .  The 
r e l a t i v e  s tren gth ®  o f  the  bands are som etim es in d ic a t e d  
i n  p a r e n th e s e s  a f t e r  the f r e q u e n c i e s ,  by the  sym bols  
v s  (v e r y  s t r o n g ) ,  s ( s t r o n g ) ,  m (medium) and w (w eak).
The s o lv e n t  d e s c r ib e d  as " l i g h t  p e tro leu m ” was 
©f b o i l i n g - r a n g e  6 0 - 8 0 ° .
The remarks on t h i s  page a p p ly  a l s o  to the  
e x p e r im en ta l  work reco rd ed  in  the  o th e r  c h a p te rs  o f  
t h i s  t h e s i s .
2—Q h lo ro ~ 5 -n itro b en za ld eh y d e  was made a c co r d in g  to  
92Erdmann .
5-M .tro-2-ph en yl1fa iobenza ldeh .yd e  (LXXXV, R=H)
2—C h lo r o -5 -n itr o b e n z a ld e h y d e  (45 g . ) and t h i o -  
phenol (25 g. ) were d i s s o l v e d  i n  m eth y la ted  s p i r i t s  
(500 m l . )  by warming th e  m e c h a n ic a l ly  s t i r r e d  m ix tu re  
on a w a ter  bath  Warm water (200 m l . )  was added and 
th e  tem perature  o f  the  s o l u t i o n  was r a i s e d  to  6 0 ° .  
P otassium  carb on ate  (18 g . ) was added i n  p o r t io n s  over  
a p e r io d  o f  20 m i n . ; a y e l lo w  o i l  began to  s e p a r a te  
b e fo r e  the a d d i t io n  had been com p leted , but t h i s  soon  
c r y s t a l l i z e d .  S t i r r i n g  a t  60° was con tin u ed  f o r  
40 m in . ,  and the p r e p a r a t io n  was s e t  a s id e  f o r  12 h r .  
The 5 -n i t r o -2 - p h e n y l t h io b e n z a ld e h y d e  was c o l l e c t e d ,  
washed w ith  w a te r ,  d r ie d  over  KOH i n  vacuo and 
d i s s o l v e d  i n  e t h y l  a c e t a t e ,  from which i t  c r y s t a l l i z e d  
i n  th e  form o f  very  l a r g e ,  s h in in g  y e l lo w  prism s  
(48 g . ) nup. 1 0 5 ° .
5 -F itr Q -2 - j3 - to ly lt fa io b e n z a ld e h y d e  (LXXXV, R=Me)
To a s o l u t i o n  o f  2 -c h lo r o -5 -n i t r o b e n z a ld e h y d e  
(45 g . ) and th io -ja —c r e s o l  (30 g . ) in  m eth y la te d  s p i r i t s  
(500 m l . )  and w ater  (200 m l . ) ,  m a in ta in ed  a t  6 0 ° ,
p otass iu m  carbonate (20 g.) was added in portions 
over  20 min. and stirring was continued thereafter 
f o r  40 iiiin. Crystals of the product began to appear 
b e fo r e  the a d d i t io n  o f  th e  p otass iu m  carbonate  had 
been i n  p r o g r e s s  f o r  3 min. A fte r  the  preparation 
had s to o d  f o r  12 h r . ,  th e  5 - n i t r o - 2 - ] > - t o l y l t h i o -  
b en za ld eh yd e  was c o l l e c t e d ,  washed w ith  w a te r ,  dried 
and d i s s o l v e d  in  e t h y l  a c e t a t e ,  from which it formed 
v e r y  l a r g e ,  s h in in g  y e l lo w  prism s (55 g . )  m.p. 
1 5 6 -1 5 7 ° .
5 -H ltr o -2 -p h e n y lth io p h .e n y lp y r u v ic  a c id  (LXXXVIII, R=H)
The recommendations o f  G alat - were in c o r p o r a te d  
* i n  t h i s  p r e p a r a t io n .
A m ix tu re  o f  5 - n i t r o -2 -p h e n y l th io b e n z a id e h y d e  
(LXXXV, R=H.} ; 25 g . ) r a c e t u r i c  a c id  ( 1 1 .5  g . ) ,
p o ta ss iu m  b ic a r b o n a te  (9*8 g . ) and a c e t i c  anhydride  
(31  m l* ) ,  p r o t e c t e d  from m o is tu r e  by a ca lc ium  
c h lo r id e  tu b e ,  was h ea ted  on the  steam  b a th ,  w ith  
o c c a s io n a l  s t i r r i n g ,  f o r  one hour. A f t e r  12 h r .  
the  p r e p a r a t io n  was. f i l t e r e d  and th e  c o l l e c t e d
s o l i d  was washed w ith  g l a c i a l  a c e t i c  a c id  (20 n i l . ) ,  
d r ie d  a t  the pump and f r a c t i o n a l l y  r e c r y s t a l l i z e d  
from b en zen e: w h ite  n e e d le s  o f  p o tass iu m  a c e t a t e ,
the y e l lo w  a z la c to n e  (LXXXVI, R=H; 1 8 .5  g . ) 
m .p . 1 8 3 - 1 8 8 ° ,  and an unwanted, b r ig h t - r e d  s o l i d  o f  
h ig h  m-.p. appeared in  t h a t  o rd er . A s o l u t i o n  o f  
th e  a z la c t o n e  in  a c e t i c  a c id  (384 m l . )  and w ater  
(16 m l . )  was b o i l e d  under r e f l u x  fo r  20 m in . ,  t r e a t e d  
w ith  c h a r c o a l  (4 g . ) ,  b o i l e d  fo r  a f u r t h e r  10 m in. and 
f i l t e r e d .  I f  d e s i r e d ,  the lemon y e l lo w  n e e d le s  o f  
a—ace t y l  am ino  -  (3- ( 5 - n i  tro —2—phenyl t h io p h e n y l ) acr.yl i  c 
a c id  (LXXXVII, R=H; l ? . l  g . ) ,  m .p . 233° a f t e r  
r e c r y s t a l l i z a t i o n  from a c e t i c  a c id  (Pound 0 ,  5 7 .2 3 ;
H, 3 .9 7 .  G17H14^ 2°5S r e Iu i r e s  5 6 .9 6 ;  H, 3 .9 4 $ )  ».
which s e p a r a te d  from th e  f i l t r a t e  on c o o l i n g ,  were 
c o l l e c t e d , ■but t h i s  was u n n e ce ssa ry :  a d d i t io n  o f  conc.
HOI (128 m l . )  and w ater  (240 m l . )  to th e  f i l t r a t e ,  
fo l lo w e d  by b o i l i n g  fo r  5 h r .  under r e f l u x ,  e f f e c t e d  
h y d r o l y s i s  to  pure 5 - n i t r o - 2 - p h e n y l t h io p h e n y lp y r u v ic  
a c id  (LXXXVIII, ft=H) m .p. 1 4 6 ° ,  which c r y s t a l l i z e d  
o u t on c o o l i n g .  The a z la c to n e  (LXXXVI, R=H) and th e  
cinnam ic a c id  (LXXXVII, R=H) both  underwent h y d r o ly s i s  
to  5 - n i t r o - 2 - p h e n y l t h io p h e n y lp y r u v ic  a c id  in  q u a n t i t a t iv e  
y i e l d .
5 -  Hi tro  -  2 - a -  to 1 y 1 tfa i  o oh eny 1 py ru v i  c a c id  (LXXXVI 11 , &=M
The c o n d i t io n s  used  in  th e  co n d e n sa t io n  r e a c t i o n
d e s c r ib e d  below  were d er iv ed  from th o s e  used by H erbst  
78and Shemm
5 - H it r o - 2 - £ - t o ly l t h io b e n z a ld e h y d e  (LXXXV, R=Me;
20 g . ) a c e t u r i c  a c id  (9 g .)>  fu se d  sodium a c e t a t e  
( 6 .5  g . )  and a c e t i c  anhydride  (25 m l . )  were b o i l e d  
under r e f l u x  f o r  one hour. The c o ld  r e a c t i o n  
m ix tu r e  was f i l t e r e d ,  the  s o l i d  r e s id u e  was washed  
w ith  a c e t i c  a c id  and w a te r ,  and d r ie d  over  CaC^/KOff 
i n  v a c u o . A f te r  two r e c r y s t a l l i z a t i o n s  from b en zen e ,  
th e  a z la c to n e  (LXXXVI, R = Me; 1 4 .3  g . ) m .p. 1 9 2 -1 9 5 u 
was d i s s o l v e d  in  b o i l i n g  g l a c i a l  a c e t i c  a c id  (192 m l .)  
and w ater  (8 m l . ) ,  ch a rco a l  (3 g . ) was added, the  
m ix tu r e  was b o i l e d  fo r  10 m in. under r e f l u x  and 
f i l t e r e d .  The f i l t r a t e  was made up to a w e ig h t  o f  
278 g .  by a d d i t io n  o f  a c e t i c  a c id  c o n ta in in g  4$ o f  
added w a te r ,  w ater  (174 m l . )  and conc . HC1 (94 m l . )  
were added and th e  s o l u t i o n  was r e f lu x e d  fo r  5 h r .  
Lemon y e l lo w  c i y s t a l s  (1 2 .7  g. ) m .p . 138° o f  5 - n i  t r o -  
2 - £ - t o ly l t h io p h e n y l p y r u v i e  a c id  (LXXXVIII, R=Me) 
s e p a r a te d  from th e  c o o l in g  f i l t r a t e *
iJTLtrsbdibenzo [b , f  j t h i e o in - lQ - c a r b o x y l i c  a c i d (IX , 11= I!)
A s o l u t i o n  o f  5 - n i t r o -2 - p h e n y l t h io p h e n y lp y r u v ic  
a c id  (LXXXVIII, R=H; 20 g. ) i n  a m ix tu re  o f  48$  
hydrobrom ic a c id  (40 m l . )  and a c e t i c  a c id  (70 m l .)  
was b o i l e d  under r e f l u x  f o r  12 h r .  N e e d le s  began  
to  s e p a r a te  a f t e r  about 6-J- h r .  A f te r  the  p r e p a r a t io n  
had been l a i d  a s id e  f o r  12 h r .  , the  c r y s t a l s  were 
c o l l e c t e d ,  washed w i t h  a c e t i c  a c id  (5 m l . )  and w a te r ,  
and r e c r y s t a l l i z e d  tw ic e  from a c e t i c  a c id ,  ch arco a l  
(2 g . ) b e in g  employed on the  second o c c a s io n .  The 
p a le  y e l lo w  c r y s t a l s  m .p. 248° o f  2 - n i t r o d i b e n z o [ b , f ] 
t h i e p i n - 1 0 - c a r b o x y l i c  a c id  (IX , R=H) weighed 1 4 -2  g. 
(75$) a f t e r  d r y in g  over  KOH i n  v a c u o . U l t r a v i o l e t  
l i g h t  a b s o r p t io n  maxima ( i n  95$ e th a n o l:  223 ( l o g  £
4*38) , 244 ( l o g  £  4 . 3 0 ) ,  and 294*5 vp. ( l o g  t  4 . 1 3 ) .  
(N ote:  In  an e a r l i e r  experim ent a r e a c t i o n  p er io d  o f
10 h r .  produced a y i e l d  o f  6 5 $ ) .
8 -M eth y l—2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  a c id
(IX , R=Me)
A s o l u t i o n  o f  5 - n i t r o - 2 - p i- t o l y l t h io p h e n y l p y r u v i c  
a c id  (LXXXVIII, R=Me; 1 2 .7  g . )  i n  a m ixture  o f  48$
hydrobromic a c id  ( 2 5 .4  m l . )  and a c e t i c  a c id  (44.5 ml.) 
was-' b o i l e d  under r e f l u x  fo r  5 hr*; w ith in  50 min. o f  
commencement, n e e d le s  s t a r t e d  to  s e p a r a te .  A f te r  
12 h r .  a t  room tem perature  the p r e p a r a t io n  was 
f i l t e r e d  and th e  c r y s t a l s  were washed w itn  w a ter  
and d r ie d  over  KOH in  v a c u o . The green ish -b row n  
p ro d u ct  ( 1 1 .2  g . )  m .p . 269° was r e c r y s t a l l i z e d  
( c h a r c o a l ,  2 g . ) from a c e t i c  a c id .  The p a le  y e l lo w  
S -m e th y l—2 - n i t r o d i b e n z o [ b , f  j t h i e p i n —1 0 - c a r b o x y l i c  
a c id  (IX , B=Me) m .p . 275-276° w/eighed 1 0 .4  g .  (8.6.5$)  
a f t e r  d r y in g  over  KOH i n  v a c u o . U l t r a v i o l e t  l i g h t  
a b s o r p t io n  maxima ( i n  95$ e t h a n o l ) :  222 ( l o g  t  4 .5 9 )?
245 ( l o g  £. 4 .5 6 )  and 292 m/u. ( l o g  £ 4 . 1 4 ) .
D e c a r b o x y la t io n  o f  2 -U itr o d ib e n z o  [b , f  j t h i e p i n - 1 0 -  
c a r b o x y l ic  a c id  ( i x  ,
The c a r b o x y l ic  a c id  ( 0 .5 0  g . ) , copper bronze  
( 0 .5  g . )  and d i e t h y l  p h th a la te  ( 5 .0  m l . )  were h ea ted  
under n i t r o g e n  f o r  50 m in. on a m e ta l-b a th  a t  2 5 0 -2 5 5 ° .  
The r e a c t i o n  m ix tu re  was d i l u t e d  w ith  benzene and 
f i l t e r e d  through a ch a r co a l  pad. The benzene and 
d i e t h y l  p h th a la te  were removed from the f i l t r a t e  by 
d i s t i l l a t i o n  under reduced p r e s s u r e .  At a p r e ssu re
o f  0 .2  to 0 .3  mm. o f  m ercury, m ost o f  the  d i e t h y l  
p h th a la te  d i s t i l l e d  from a s tea m -b a th , but a f i n a l  
f r a c t i o n  was taken  from an a ir - b a t h  a t  1 2 0 ° .  The 
dark, v i s c o u s  o i l  which remained was e x tr a c t e d  
s e v e r a l  t im e s  w ith  b o i l i n g  l i g h t  p e tro leu m , and the  
c o m b in e d  e x t r a c t s  were chromatographed on a lum ina,  
u s in g  l i g h t  petro leum  a s  e lu a n t .  B r ig h t - y e l lo w  
c r y s t a l s  ( 0 .2 1  g . )  o f  2 - n i t r o d i b e n z © [ b , f ] t h i e p i n  
(X, R=H) m .p . 1 1 0 Q (unchanged by adm ixture w ith  m a te r ia l  
made by Summers) were o b ta in ed  by c o n c e n tr a t io n  o f  
the  e l u a t e .  U l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima 
( i n  95$ e t h a n o l ) : 221 ( l o g  6 4 . 3 9 ) ,  244 ( l o g  £ 4 . 3 1 ) ,
259 ( l o g  £  4 o,32) and 295 m/u ( l o g  £ 4 . 1 4 ) .
8 -M e th y l -2 -n i t r o d ib e n z o  [b , f  j t h i e p i n  (X, R==Me)
8 - M e t h y l - 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  
a c id  (IX , R=Me; 0 .5 0  g . ) ,  copper bronze ( 0 .5  g . ) 
and d i e t h y l  phthalate,' (3 m l . )  were h e a ted  under  
n i t r o g e n  f o r  30 m in. on a m e ta l -b a th  a t  2 5 0 -2 5 5 ° .
The r e a c t i o n  m ix tu re  was d i lu t e d  w ith  benzene and 
f i l t e r e d  through a ch a rco a l pad, and the s o lv e n t s  
were removed from the f i l t r a t e  by d i s t i l l a t i o n  under
reduced  p r e s s u r e .  The r e s i d u e ,  in c lu d in g  a quantity 
o f  ye llow / c r y s t a l s  which had sublim ed onto the 
upper s u r f a c e s  o f  the d i s t i l l a t i o n  a p p a ra tu s ,  
was e x t r a c t e d  s e v e r a l  t im es  w/ith b o i l i n g  l i g h t  
p e tro le u m , and th e  combined e x t r a c t s  were chromato­
graphed on a lum ina , u s in g  l i g h t  petro leu m  as e lu a n t .  
E v ap ora tion  o f  the  f i r s t  e lu a t e  f r a c t i o n  to  d ry n ess  
f o l lo w e d  by r e c r y s t a l l i z a t i o n  o f  the  r e s id u e  from 
m ethanol a f fo r d e d  a sm all q u a n t i ty  o f  8 - m e t h y l - 2 -  
n i t r o d ib e n z o  [b t f  ] t h i e p i n  (X, R:=Me) Bound: C, 6 6 .9 8 ;  
H, 3 .7 6 ;  37, 5 .0 8 .  ° i 5 Hn E'0 2S s q u i r e s  G, 6 6 .9 1 ;
H, 4 .T 2;  37, 5*20$) i n  the  form o f  b r ig h t  y e l lo w  
n e e d le s  m .p . 1 1 7 ° .  U l t r a v i o l e t  l i g h t  a b s o r p t io n  
maxima ( i n  95$ e t h a n o l ) :  222 ( l o g  £ 4 . 3 8 ) ,  244
( l o g  £ 4 .4 1 )  and 296 ;nu ( l o g  £_ 4 . 1 6 ) .
A m ix tu re  was o b ta in e d  from the second e lu a t e  
f r a c t i o n :  a ttem p ts  to  r e s o l v e  t h i s  by f r a c t i o n a l
c r y s t a l l i z a t i o n  from l i g h t  petro leum  and from 
m ethanol met w ith no s u c c e s s .  E lu t io n  w ith  l i g h t  
p etro leu m  c o n ta in in g  10$ ( v /v )  o f  benzene a f fo r d e d  
a t h ir d  f r a c t i o n ,  from which w/as o b ta in ed  a sm a ll  
q u a n t i ty  o f  7 -m e th y l-2 -n itr o p h e n a n th r e n e  (X I, R=Me) 
m .p. 1 9 1 - 1 9 2 ° ,  unciianged by adm ixture w ith  m a te r ia l
pmade by Summers . U l t r a v i o l e t  l i g h t  a b so r p t io n  
maxima o f  7 -m e th y l-2 -n itr o p h e n a n th r e n e  ( i n  95$ e t h a n o l ) : 
217 ( l o g  £ 4 . 4 4 ) ,  228 ( l o g  4 * 4 2 ) ,  279 ( l o g  £ 4 * 5 6 )  
and 330 n^u . ( l o g  £ 4 * 1 4 ) .
The A c t io n  o f  Diazome thane on 2 - N i t r o d ib e n z o [ b , f ] t h i e p l n -  
10—c a r b o x y l i c  a c id  (IX, R=H)
A s o l u t i o n  o f  diazom ethane (p rep ared  from 2 g. 
n itr o s o m e th y lu r e a  a c c o r d in g  to th e  s im p le r  o f  the  
two p r o c ed u r es  d e s c r ib e d  by Arndt ) i n  e th e r  was added 
i n  p o r t i o n s ,  w ith  sh a k in g ,  to a s u sp e n s io n  o f  th e  
c a r b o x y l ic  a c id  (1*50 g . ) i n  e th e r  (20 m l . ) ,  and the  
m ix tu r e  was l a i d  a s id e  fo r  12 h r .  The e t h e r e a l  
su p e rn a ta n t  was d eca n ted  from the rem ain in g  s o l i d ,  
from which p a le  y e l lo w  c r y s t a l s  (1*06 g . )  o f  m ethyl  
2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 10—c a r b o x y la te  (XC, R=H)
(Found: 0 ,  6 1 .5 3 ;  H, 3*50 . C-^H-^NO^S r e q u ir e s
Gt. 6 1 .3 4 ;  H, 3*54$) m .p . 156° were o b ta in ed  
a f t e r  r e c r y s t a l l i z a t i o n ,  f i r s t l y  from a c e t i c  a c id  
and f i n a l l y  from a m ix tu re  o f  m ethyl a c e t a t e  and 
m eth anol. B e a u t i f u l  c o l o u r l e s s  p r ism s o f  m ethyl  
p .yra zo lin o -  [4 ': 5 ' - 1 1 :10 ]-2-m itr a d ih y d r o d ib e n z o  [b , f  ] 
t h i e p i n - 10—c a r b o x y la te  (LXXXIX) (Found: G, 5 7 .9 0 ;
H, 3 .6 3 ;  N, 1 2 .1 4 .  Gl 7 Hl 3 ^ W ^  r e q u ir e s  G, 5 7 .4 6 ;
H, 3.69; H, 11*83$) separated from the decantate on
f u r t h e r  s ta n d in g .  These e v o lv e d  n i t r o g e n  on h e a t in g ,  
h u t  had no d e f i n i t e  d e c o m p o s it io n  p o in t .
E s t e r i f i c a t i o n  o f  2 -M .tro d ib en zo  [b , f  j t h i e p i n - 1 0 - c a r b o x y l io  
a c id  ( IX . R=H) w ith  Methanol and S u lp h u r ic  Acid
2- E i t r o d i b e n z o [ b , f ] t h i e p i n - 10- c a r b o x y l i c  a c id  
( 5*0 g . ) ,  m ethanol ( d i s t i l l e d  from magnesium he th o x ia e ;
250 m l . )  and c o n c e n tr a te d  s u lp h u r ic  a c id  (2 m l . )  were  
h e a t e d  under r e f l u x  and d ry in g  (OaGl^) tube on the  
steam—b a th  f o r  10 h r . The c r y s t a l s  formed during  
o v e r n ig h t  s ta n d in g  were f i l t e r e d  o f f ,  v/ashed w ith  
w a te r ,  d i l u t e  ammonia s o l u t i o n  and once more w ith  
w ater*  and d r ie d  o v e r  ^2^5 —  v a c u o - & fu r th e r
q u a n t i t y  o f  m a te r ia l  was o b ta in e d  by adding the  
w ashing  f l u i d s  to the f i l t r a t e ,  d i v i d i n g  th e  c o l l e c t e d  
s o l i d  betw een  d i l u t e  aqueous ©'Mium carb o n ate  and an 
o r g a n ic  p h a se  c o n s i s t i n g  o f  e th e r  c o n ta in in g  a l i t t l e  
b e n z e n e , d r y in g  (Na^SO^) the  o r g a n ic  l a y e r  and 
e v a p o r a t in g  the s o l v e n t s .  The combined s o l i d s  were 
d i s s o l v e d  i n  benzene and chromatographed on a column 
o f  n e u t r a l  a lum ina , u s in g  benzene as  e lu a n t .
C o n ce n tr a t io n  o f  the e lu a t e  f o l lo w e d  by d i l u t i o n  
w ith  l i g h t  petro leum  produced b e a u t i f u l ,  cream-
c o lo u r e d ,  s h in in g  n e e d le s  ( 4 .6 2  g . ; 88$) o f  m ethyl
2 - n i t r o d ib e n z o  [b , f  ] t h i e p i n - 1 0 - c a r b o x y la te  (XG, R=H) 
m .p . 1 5 6 ° ,  a sample o f  which was prepared  fo r  a n a l y s i s  
by r e - c r y s t a l l i z a t i o n  from m ethyl a c e ta te /m e th a n o l  
(Found: 0 ,  6 1 .5 8 ;  H, 3 .7 6 ;  H, 4 . 9 6 .  C a lc u la te d
f o r  Ci 6Hi ;lF04 S: G, 6 1 .3 4 ;  H, 3 .5 4 ;  Kt 4 .4 7 $ ) .
U l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima ( i n  95$ e t h a n o l ) :  
225 ( l o g  £ 4 . 3 8 ) ,  247 ( l o g  £ 4 .3 2 )  and 2 9 5 .5  jnu ( l o g  £
4 . 1 4 ) .  ...
Es,t_erijgi_ca_tion_._of 8 -M e th y l - 2 -n i  t r o d ib  enzo Lb . f j t h i e p i n -  
10—c a r b o x y l i c  a c id  (IX , R=Iv!e) w ith  M ethanol and 
S u lp h u r ic  Acid
8—M ethyl—2 - n i t r o d i b e n z © [ b , f ] t h i e p i n —1 0 - c a r b o x y l i c  
a c id  (5*0 g . ) ,  methaa o l  ( d i s t i l l e d  from magnesium  
m eth ox id e; 250-300  m l . )  and c o n c e n tr a te d  s u lp h u r ic  
a c id  (2 m l . )  were h e a ted  under r e f l u x  and d ry in g  
(C aC ^) tub e  on the  steam—b a th  fo r  12 h r .  The c r y s t a l  
which formed from th e  s o l u t i o n  d u rin g  s ta n d in g  (48 h r . )  
were c o l l e c t e d ,  washed w ith  w a te r ,  d i l u t e  ammonia 
s o l u t i o n  and a g a in  w ith  w a te r ,  and d r ie d  over  ?2^5 
in  v a c u o . A s o l u t i o n  o f  the produ ct in  benzene was 
p a sse d  through  a column o f  n e u tr a l  alum ina u s in g  
benzene as e lu a n t .  C o n ce n tr a t io n  o f  th e  e lu a t e
fo l lo w e d  by d i l u t i o n  w ith  l i g h t  petro leu m  prov id ed  
crea m -co lo u red  c r y s t a l s  ( 4 .1 8  g . )  o f  the e s t e r ,  
m .p. 1 8 2 - 1 8 4 ° .  The w ash ing  f l u i d s  were added to  the  
m e th a n o l / s u lp h u r ic  a c id  f i l t r a t e ,  the  p r e c i p i t a t e  
was c o l l e c t e d  and d iv id e d  betw een  d i l u t e  sodium  
carb o n a te  s o l u t i o n  and b en zen e , the benzene l a y e r  
was washed w ith w a te r ,  d r ie d  (UagSO^) , c o n c e n tr a te d  
and d i l u t e d  w ith  l i g h t  p e tro leu m . The c r y s t a l s  
( 0 .2 7  g . ; m .p . 1 8 2 -1 8 3 ° )  were tw ic e  r e c r y s t a l l i z e d  
from b e n z e n e / l i g h t  petro leu m  and once from m ethyl  
a c e t a t e /m e t h a n o l ,  to g iv e  a sample m .p . 1 8 1 -1 8 3 °  o f  
me t h y l  8 - m e t h y l - 2^n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
carb o x .y la te  (XC, R=Me. Found C, 6 2 .5 7 ;  H, 4 .0 4 .  
G17H13'NC)4 S req u ires- 0 ,  6 2 .3 8 ;  H, 4 .0 0 $ ) .  U l tr a ­
v i o l e t  l i g h t  a b s o r p t io n  maxima ( i n  95$ e th a n o l ) :
2 2 1 .5  ( l o g  £ 4 . 3 8 ) ,  2 4 6 .5  ( l o g  £ 4 . 3 5 )  and 295 p.u 
( l o g  £ 4 * 1 3 ) .  The t o t a l  w e ig h t  o f  pure e s t e r  was 
4 .4 5  g . ( 8 5 $ ) .
D e s u lp h u r iz a t io n  E xperim ents  
Treatm ent o f  2 - h i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  
Acid (IX , F=H) w ith  Cuprous Oxide i n  Q u in o l in e : an
Attem pt to R epeat the I s o l a t i o n  o f  the Substance o f  
m .p. 117° R eported  by Summers
2 - H i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  a c id
( 0 .5 0  g . ) cuprous o x id e  (p r e v io u s ly  h e a ted  to a. 
tem perature  o f  300° under n i t r o g e n  to d r iv e  o f f  
adsorbed m o is tu r e ;  1 .5  g. ) and q u in o l in e  (25 m l . )  
were r e f lu x e d  w ith  m ech a n ica l s t i r r i n g  on a bath  
o f  F o o d 's  m eta l fo r  9 h r . ,  the m ix tu re  was s e t  a s id e  
(12 h r . ) ,  d i l u t e d  w ith  benzene and f i l t e r e d .  The 
opaque f i l t r a t e -  was e x tr a c t e d  w ith  d i l u t e  s u lp h u r ic  
a c id :  d u r in g  t h i s  p r o c e s s  a dark brown s o l i d  appeared ,
and was removed by f i l t r a t i o n .  The benzene l a y e r ,  
which was now red in  c o lo u r  and tr a n s p a r e n t ,  was 
washed w ith  w ater  and th e n  w ith  d i l u t e  sodium  
carb onate  s o l u t i o n .  A f te r  a f u r t h e r  wash w ith  w a te r ,  
th e  benzene s o l u t i o n  was c o n c e n tr a te d ,  d r ie d  and 
run through a column o f  a lum ina , u s in g  benzene as  
e lu a n t .  A red  i n t r a c t a b l e  o i l  was o b ta in ed  by 
e v a p o r a t io n  o f  the benzene from the e l u a t e .
The sodium carb onate  e x t r a c t  d e p o s i te d  a s o l i d  
on c o o l in g :  t h i s  was r e - d i s s o l v e d  by warming on the
steam —b a th .  The warm s o l u t i o n  was a c i d i f i e d  by 
a d d i t io n  o f  c o n c e n tr a te d  h y d r o c h lo r ic  a c id .  The 
c o ld  p r e p a r a t io n  was f i l t e r e d  and the  s o l i d  was
r e c r y s t a l l i z e d  from a c e t i c  a c id  ( c h a r c o a l ) .  T his  
p rodu ct w i l l  be r e f e r r e d  to as  "the a c id  'A'" under  
the f o l l o w in g  h e a d in g .
P y r o l y s i s  o f  2 -B itr o d ib e n z o  Lb , f  } t h i e p i n —1 0 - c a r b o x y l ic  
Acid . ( IX , R=H) i n  the  P resen ce  o f  Copper
2 - h i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i e  a c id  
(2 g . ) was d i s t r i b u t e d  about a c o i l  o f  f r e s h l y -  
red u ced  copper w ire  (10 g . ) w i t h in  a sm a ll  d i s t i l l a t i o n  
f l a s k  f i t t e d  w ith  an a i r - l e a k  and an a i r  con d en ser ,  
the lo w e r  ( e x i t )  end o f  which was con n ected  to a 
second d i s t i l l a t i o n  f l a s k  c o n ta in in g  benzene: the
sid e-arm  o f  th e  second f l a s k  was d i r e c t e d  upwards 
in t o  th e  s o c k e t  o f  a L ie b ig  co n d e n ser ,  the  e x i t  o f  
which was l o o s e l y  f i l l e d  w ith  a p lu g  o f  c o t to n  wool 
m o is te n e d  w ith  b en zen e .
With a stream  o f  n i t r o g e n  e n t e r in g  through the  
a i r  l e a k  and the b enzene  r e f l u x i n g  v ig o r o u s ly  over  
a w a te r -b a th ,  the f l a s k  c o n ta in in g  the  r e a c t a n t s  
was in tr o d u c e d  in to  a b ath  o f  Wood's m eta l a t  a 
tem p erature  o f  about 1 2 0 ° .  The tem perature  o f  the  
m eta l b a th  was r a i s e d  to  320° as  r a p id ly  as p o s s i b l e .
A fte r  a sh o r t  pause a c lo u d  of y e l lo w  smoke was 
p r o je c te d  from the r e a c t i o n  v e s s e l .  Most of the  
y e l lo w  c o lo u r  d isa p p ea red  from the smoke as it 
p a sse d  through the  benzene vapou r, th e  fumes which  
p e n e tr a te d  as  f a r  as th e  L ie b ig  cond en ser  (where 
th e y  were f i n a l l y  d en ied  e x i t  by th e  c o t t o n  wool p lu g)  
b e in g  o f  a w h ite  ap p earan ce . The m e ta l -b a th  was 
removed 2 -3  m in. a f t e r  the  "puff" appeared .
The benzene s o l u t i o n  was s e t  a s id e  and every  
p ie c e  o f  th e  ap p aratu s was thorou gh ly  v/ashed in  f r e s h  
r e f l u x i n g  b en zen e .  The w ash ings were combined w ith  
the  benzene s o l u t i o n  and the  whole was c o n c e n tr a te d  
to  sm a ll  b u lk .  A n e a r ly  c o l o u r l e s s  s o l i d  appeared in  
th e  c o n c e n tr a te  and was f i l t e r e d  o f f .  T h is produ ct  
was combined w ith  the a c id  fA,: m entioned  under the  
p r e v io u s  h e a d in g ,  and th e  com b ination  w i l l  be d e a l t  
w ith  below  under the h ea d in g  "the m ix tu re  fAf ."
The f i l t r a t e ,  was chromatographed on a column o f  
alum ina w ith  a benzene e lu a n t .  A b r ig h t  orange band 
p a sse d  down the column, and the e l u a t e  (which was 
alm ost c o l o u r l e s s )  was c o l l e c t e d  and c o n c e n tr a te d .
The s h i n i n g ,  y e l lo w  sp a rs  which formed on c o o l in g
l o s t  t h e i r  c r y s t a l l i n e  appearance a f t e r  c o l l e c t i o n  
and dry ing  in  a c u r re n t  o f  a i r ;  the  amorphous s o l i d  
(0 .0 6 9  g . ; 3 .9 $ )  m .p . 1 1 7 -1 2 0 °  which rem ained was
tw ic e  r e c r y s t a l l i z e d  from b en zen e . The crushed  product  
was d r ie d  a t  80° o v er  KOH i n  vacuo (Found: C, 7 5 .4 7 ;
•H, 4 -0 9 ;  H, 6 .45*  C a lc u la te d  fo r  : C, 7 5 .3 2 ;
H, 4 .0 6 ;  H, 6 .2 8 $ )  a f t e r  which i t  m e lte d  a t  1 2 0 ° .  
U l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima ( i n  95$ e t h a n o l ) :
216 ( l o g  £ 4 . 4 4 ) ,  277 ( l o g  £ 4 .5 1 )  and 3 1 9 .5  pu.
( l o g  £ 4 - 0 7 ) .
The m a t e r ia l  (0 .0 2 0  g . ) was d i s s o l v e d  i n  b o i l i n g  
a c e t i c  a c id  ( 0 .2  m l . )  and a s o l u t i o n  o f  chrom ic o x id e  
(0*030 g . ) i n  a sm a ll  drop o f  w a ter  d i l u t e d  w ith  
a c e t i c  a c id  ( 0 .2  m l . )  was added drop by drop over  a 
p e r io d  o f  about 10 min. An a c e t i c  a c id  r in s e  ( 0 .2  m l . )  
was added and the  s o l u t i o n  was b o i l e d  fo r  a fu r th e r  
2 m in .:  c r y s t a l s  were p r e c i p i t a t e d  b e fo r e  h e a t in g
had c e a se d .  The co ld  r e a c t i o n  m ix tu re  was f i l t e r e d  
and th e  s o l i d  was washed w ith  a drop o f  a c e t i c  a c id  
and th e n  w ith  w a te r .  The a i r - d r i e d  m a t e r ia l  (0 .0 1 0  g . ; 
m ic r o -  m .p . 2 6 7 -2 6 8 ° )  was r e c r y s t a l l i z e d  from a c e t i c  
a c id .  The o r a n g e -y e l lo w  c r y s t a l s  p o s s e s s e d  the m icro-
m .p. 2 6 8 -2 6 9 ° ,  which was d e p r e sse d  to 2 65 -2 66°  
by adm ixture w ith  a u t h e n t ic  ( v id e  i n f r a ) 2 - n i t r o -  
phenanthraquinone (XQ I)of m ic r o -  m .p. 264—265°; the  
two sam ples had i d e n t i c a l  in f r a r e d  a b s o r p t io n  s p e c tr a  
(KOI d i s c )  which w ere dom inated i n  the h ig h  frequ en cy  
r e g io n  by s tr o n g  peaks a t  1680 (0 = 0 ) ,  1590 (benzene  
r i n g ) ,  1530 (NOg), 1345 (WOg) and 1288 cm- 1  (0=0)  
and i n  the  low  fre q u en cy  r e g io n  by bands a t  782 and 
747 cm- 1 .
The a u t h e n t ic  sample o f  2 -n itro p h en a n th ra q u in o n e  
was o b ta in e d  by n i t r a t i o n  o f  phenanthraquinone w ith  
n i t r i c ;  a c id  (d 1 .4 )  fo l lo w e d  by e x t r a c t i o n  o f  th e  
more s o lu b le  4 - n i t r o  isom er w ith  b o i l i n g  e t h a n o l ,  and 
r e c r y s t a l l i z a t i o n  o f  the r e s id u e  from a c e t i c  a c id ,
on
as  d e s c r ib e d  by Schm idt and Spoun . A f t e r  two 
f u r t h e r  r e c r y s t a l l i z a t i o n s  from a c e t i c  a c id  the  orange  
c r y s t a l s  m e lted  a t  2 60-262°  (S .  and S . r e p o r te d  m.p. 
258- 260 ° ) .
The s t r u c t u r e  o f  the  d e s u lp h u r iz a t io n  produ ct
o f  m .p . 120°  i s  th e re b y  confirm ed as t h a t  o f  2 - n i t r o -
phenanthrene (X I, R=H). The m a t e r ia l  o f  m .p. 117°
2o b ta in e d  by Summers from the treatm en t o f  2 - n i t r o -  
d i b e n z o [ b , f ] t h i e p i n - 1 0 —c a r b o x y l ic  a c id  (IX , R=H) w ith
copper i n  b o i l i n g  q u in o l in e ,  was therefore probably 
impure- 2 -n i tr o p h e n a n th r e n e .
The M ixtu re  *A*
The mixture, was r e c r y s t a l l i z e d  ( c h a r c o a l )  from 
a c e t i c  a c id .  The o f f - w h i t e  n e e d le s  had m icro -  
m .p . 2 6 0 -2 6 2 °  which -was d e p r e sse d  to  2 26 -2 29°  by 
adm ixture  w ith  2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
c a r b o x y l i c  a c id  (IX , R=H) o f  m ic r o -m. p . 24-8-250°.
The m a t e r ia l  d i s s o l v e d  in  warm d i l u t e  sodium hydroxide  
s o l u t i o n ,  from w hich i t  was r e —p r e c i p i t a t e d  by a c id .  
The u n c o r r e c te d  u l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima 
( i n  95$  e th a n o l)  were as  f o l l o w s  ( l o g  £ v a lu e s  are  
c a lc u l a t e d  assum ing a m o le c u la r  w e ig h t  o f  2 6 7 ):
220 ( l o g  £ . 4 . 4 3 ) ,  and 285 .5  n^u ( l o g  £  4 . 4 6 ) .  The 
m a t e r ia l  i s  t h e r e f o r e  an a c id  d i s t i n c t  from 2 - n i t r o ­
d ib en zo  [ b , f ] t h i e p i n - 1 0 —c a r b o x y l ic  a c id .  A specimen  
o f  m ic r o -m .p . 2 6 5 -2 6 6 °  was o b ta in e d  by a second  
r e c r y s t a l l i z a t i o n  from a c e t i c  a c id  (Found: 0 ,  6 7 .8 2 ;
H, 3 .5 7 .  015HgF04 r e q u ir e s  0 ,  6 7 .4 1 ;  H, 3 .3 9 $ )*
A p o r t io n  (0 .0 2 0  g . ) o f  th e  a c id  was d i s s o lv e d  
i n  b o i l i n g  a c e t i c  a c id ,  and a s o l u t i o n  o f  sodium
dichrom ate  (Ua2Cr20^ . 2H2Q; 0 .0 4 7  g . ) in  a drop o f  
w ater  d i l u t e d  with, a c e t i c  a c id  ( 0 .2  m l .)  was added 
over  a p e r io d  o f  30 m i n . , f o l lo w e d  by an a c e t i c  ac id  
r i n s e  ( 0 .2  m l . ) .  H ea t in g  was co n t in u ed  fo r  30 m in . ,  
some o f  th e  a c e t i c  a c id  was: a l lo w e d  to d i s t i l  o f f  and 
the  s o l u t i o n  was p e r m it te d  to  c o o l .  The c r y s t a l s  
were c o l l e c t e d  and d iv id e d  betw een  ch loroform  
and d i l u t e  sodium carb onate  s o l u t i o n .  A w h ite  s o l i d ,  
which was apioarently  the sodium s a l t  o f  th e  o r g a n ic  
s t a r t i n g  m a t e r i a l ,  appeared d u r in g  the s e p a r a t io n ,  but  
rem ained suspended i n  the aqueous l a y e r .  The sodium 
carb o n a te  e x t r a c t  was warmed to  d i s s o l v e  the p r e c i p i t a  te d  
s a l t ,  the  s o l u t i o n  was a c i d i f i e d  and th e  a c id  s t a r t i n g  
m a t e r ia l  (0 .0 0 6  g . ) was c o l l e c t e d .  The ch loroform  
s o l u t i o n  was washed w i t h  w ater  and e v a p o ra ted  to  
d r y n e s s .  O ra n g e-y e llo w  c r y s t a l s  m icr o -m .p . 269-2 70°  
were o b ta in e d  by two r e c r y s t a l l i s a t i o n s  o f  the  r e s id u e  
from a c e t i c  a c id .  These were shown to  be 2 - n i t r o -  
phenanthraquinone (XGI) by mixed m ic r o -m .p i  (2 6 3 -2 6 7 ° )  
w ith  a u t h e n t ic  (but l e s s  pure) 2 -n itro p h en a n th ra q u in o n e  
(m icro-m.p., 2 6 4 -2 6 5 ° )  and by com parison o f  the  in fr a r e d  
a b s o r p t io n  spectrum w ith  th a t  o f  the  a u th e n t ic  m a t e r ia l .
The a c id  o f  m ic r o -m .p, 26 5 -2 6 6 °  i s  t h e r e f o r e  
2 -  n i  t  r  o p h e n an t  hr e n e -  9 -  c ar b o xy 1 i  c a c id  ((T, R=H).
H,.R, The p r e p a r a t io n  o f  a purer  sample o f  t h i s  a c id  
i s  d e s c r ib e d  on p .  loi ) .
R o t e : In  a l l  ex p er im en ts  d e s c r ib e d  h e r e a f t e r ,  the
copper bron ze  employed was taken  from a 
p r e p a r a t io n  which had been  h e a ted  a t  a 
tem p erature  o f  300° i n  a stream o f  n i t r o g e n ,  
and th e  d i e t h y l  p h t h a la t e  r e q u ir e d  was 
taken  from a batch  which had been tw ic e  r e ­
d i s t i l l e d  in  an a p p aratu s i s o l a t e d  from 
m o is tu r e  by a d iy in g  (CaOl^) tu b e .
Treatm ent o f  2 - N i t r o d ib e n z o [b , f  3 th ie p in - 1 0 -c a r b o x .y l i c  
a c id  (IX , R=K) w ith  Copper Bronze i n  D ie th y l  P h th a la te  
2 - h i t r o d i b e n z © [ b , f ] t h i e p i n - 1 0 - c a r b o x y l i c  a c id  
( 0 ,5 0  g . ) , copper b ron ze  ( 0 .4 0  g . ) and d i e t h y l ,  p h th a la te  
(2 » o m l . ) were b o i l e d  f o r  15 m in , under r e f l u x  i n  an 
atm osphere o f  n i t r o g e n ,  on a m etal-6bath m a in ta in e d  a t  
a tem p erature  o f  320—3 2 5 ° .  The c o ld  r e a c t i o n  m ix tu re  
was d i l u t e d  w ith  benzene and f i l t e r e d ,  the f i l t r a t e
was washed w ith  aqueous sodium carb onate  and w ater  
and r e - f i l t e r e d ,  h o t ,  through a c h a r co a l  pad. The 
benzene was removed from 'the f i l t r a t e  a t  100° in  
vacuo and th e  d i e t h y l  p h th a la te  was d i s t i l l e d  from an 
a ir - b a t h  a t  1 0 9 -1 1 1 °  ( b a t h ) /0 .6 5  mm. The r e s id u a l  
black- t a r  was e x t r a c t e d  w ith  b o i l i n g  m eth an o l,  from  
which c r y s t a l s  were d e p o s i t e d  on c o o l i n g .  These were 
d i s s o l v e d  i n  benzene and the  s o l u t i o n  was run through  
a column o f  alum ina by e l u t i o n  w ith  b en zen e . The 
c o n c e n tr a te d  e lu a t e  a f fo r d e d  c r y s t a l s  (0 .0 7 0  g . ;
1 5 •!$>“) m .p . 1 1 8 -1 2 0 °  o f  2 -n itr o p h e n a n th r e n e  (X I, S=H) 
on c o o l i n g .
T h is  f i g u r e  i s  lo w e r  than i t  m ight have b e e n ,  
b eca u se  some m a t e r ia l  was l o s t  d u rin g  c o n c e n tr a t io n  o f  
th e  m ethanol e x t r a c t s .
M ethyl 2 -E itr o p h e n a n th r e n e -9 ~ c a r b o x y la te  (C l ,  R=H)
M ethyl 2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 —c a r b o x y la te  
(XC, R=H; 0 .5 0  g . ) copper bronze ( 0 .5  g . ) and d i e t h y l  
p h t h a la t e  ( 3 .0  m l . )  were h e a ted  under a r e f l u x  
condenser  and d ry in g  (CaClg) tu b e ,  i n  an atmosphere  
o f  n i t r o g e n ,  fo r  7 m in. on a m e ta l -b a th  m a in ta in ed
a t  a tem p erature  o f  5 1 5 -3 3 5 ° .  The c o o le d  r e a c t i o n  
m ixtu re  was d i l u t e d  w ith  b en zen e , brought to the b o i l  
( to  ensu re  s o l u t i o n  o f  any p r e c i p i t a t e d  m a t e r i a l ) ,  
and a l lo w e d  to c o o l  once more; th e  m ixture  was th en  
poured onto  a sh o r t  column o f  n e u t r a l  a lum ina, which  
was e lu t e d  w ith  b en zen e" . The e lu a t e  was c o n c e n tr a te d  
and f lo o d e d  w ith  l i g h t  p e tro leu m , the p r o c e s s  was 
r e p e a te d  tw ic e  to remove the  l a s t  t r a c e s  o f  b en zen e ,  
more l i g h t  petro leum  was added and th e  p r e p a r a t io n  was 
s e t  a s i d e .  The y e l lo w  n e e d le s  (0 .2 0 6  g . j m .p. 
153—1 5 5 ° )  were c o l l e c t e d ,  r e - d i s s o l v e d  i n  benzene  
and chromatographed once more on a column o f  n e u t r a l  
alum ina e lu t e d  w ith  b en zen e . C o n cen tra t io n  o f  the  
e lu a t e  and d i l u t i o n  w i t h  l i g h t  p etro leum  a f fo r d e d  
cream -co lou red  c r y s t a l s  (0 .1 7 4  g . ; 3 6 .8 fo) m .p . 1 59-161°
o f  m eth y l 2 - n i tr o p h e n a n th r e n e -9 - c a r b o x y la te  (cT, R=R) 
a sample o f  which was r e c r y s t a l l i z e d  from m ethyl a c e t a t e  
f o r  the  p u rp oses  o f  a n a l y s i s  (Found: C, 6 8 .6 1 ;  H, 3 .8 2 .
#  T h is  p r o c e s s  was more c o n v e n ie n t  than s tr a ig h t fo r w a r d  
f i l t r a t i o n  f o r  removal o f  th e  copper; due to the  
p r e se n c e  o f  the d i e t h y l  p h th a la te  n o th in g  more them 
a f i l t r a t i o n  was a c h ie v e d .
1 C  j -
^ 1 6 ^ 1 1 ^ 4  r e Q.u i r e s  6 8 ,3 2 ;  H, 3 .9 4 $ ) .  U l t r a v i o l e t  
l i g h t  a b s o r p t io n  maxima ( i n  95$ e th a n o l ) :  222 ( l o g o
4 . 4 9 ) ,  and 288 p i  ( l o g  £  4 . 5 2 ) .
N o te : A su bseq uent experim ent i n  which the time of
h e a t in g  was p ro lo n g ed  to  11 min. produced  
3 9 .2 $  o f  th e  e s t e r ;  s in c e  p r e v io u s  experiments 
w ith  r e f l u x i n g  p e r io d s  o f  4 -5  and 15 niin. gave  
lo w e r  y i e l d s ,  i t  i s  p rob ab le  th a t  the optimum 
p e r io d  l i e s  betw een  7 and 11 m in.
H y d r o ly s is  o f  M ethyl 2 -N itr o p h e n a n th r e n e -9 -c a r b o x y Ia te
( C l ,  S= H )
A s o l u t i o n  o f  th e  e s t e r  ( 0 ,3 4  g . )  i n  a mixture 
o f  a c e t i c  a c id  (27 m l . )  and 5 N -h y d r o ch lo r ic  a c id  
(17 m l . )  was b o i l e d  under r e f l u x  fo r  5 h r . ;  n e e d le s  
began to  s e p a r a te  a f t e r  3 h r .  The p r e p a r a t io n  was 
s e t  a s id e  fo r  12 h r .  and the  cream -co lou red  n e e d le s  
(0 .3 0 7  g . ; 95$) m .p , 258-260°  were c o l l e c t e d  and 
d r ie d  a t  100°  over  KOH in  v a c u o . A specim en was 
p repared  f o r  a n a l y s i s  by r e c r y s t a l l i z a t i o n  from 
a e e t o n i t r i l e  (Pound: C, 6 7 .4 9 ;  H, 3 .3 1 .  Calculated
fo r  C H NO : 0 ,  6 7 .4 1 ;  H, 3 .3 9 $ ) .  The materialIS  ^ T
had m icro—mop. 2 6 6 ° ,  unchanged by adm ixture w ith  
2—n it r o p h e n a n th r e n e -9 - c a r b o x y l ic  a c id  (p .  ) .
U l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima ( i n  95$ e t h a n o l ) : 
2 2 1 .5  Clog £ 4 . 4 8 ) ,  and 285 p i  ( l o g  £ - 4 * 5 3 ) .
Me t h y l  7-Me t h y l - 2 - n i t  rophenanthr ene- 9 - c arb o x y la t e  
( OX , R=Me)
M ethyl 8 -m e th y l—2 - n i t r o d i b e n z o [ b , f ] t h i e p i n - 1 0 -  
c a r b o x y la te  (XG, R=Me; 0 .5 0  g . ) ,  copper bronze  
( 0 .5  g . ) and d i e t h y l  p h t h a la t e  (3 m l . )  were h e a ted  
under a r e f l u x  condenser  and d r y in g  (CaOl^) tu b e ,  in  
an atm osphere o f  n i t r o g e n ,  f o r  7 i  m in. on a m e ta l -b a th  
m a in ta in ed  a t  a tem perature  o f  3 2 0 -3 2 5 °* The c o o le d  
r e a c t i o n  m ix tu re  was d i l u t e d  w ith  b e n z e n e , .brought to 
the  b o i l  and a l lo w e d  to c o o l  once more; th e  m ix tu re  wa 
t h e n  poured onto the top o f  a column o f  n e u tr a l  
a lum ina , which was e lu t e d  w ith  b en zen e . The e lu a t e  
was c o n c e n tr a te d  and f lo o d e d  w ith  l i g h t  p e tro leu m , the  
p r o c e s s  was r e p e a te d  t w ic e ,  more l i g h t  petro leum  was 
added and th e  p r e p a r a t io n  was s e t  a s i d e .  The y e l lo w  
s o l i d  (0 .3 0 3  g . ; m .p . 1 7 9 -1 8 2 ° )  was c o l l e c t e d ,  
w ashed-w ith  l i g h t  p e tro leu m , r e - d i s s o l v e d  in  benzene  
and chromatographed once more on a column o f  n e u tr a l
alum ina e lu te d  with, b en zen e . C o n cen tra tio n  of the e lu a  
and d i l u t i o n  w ith  l i g h t  p etro leum  a f fo r d e d  cream- 
c o lo u r e d  crystals (0.25 g.; 55$) m.p. 186-187° of
meth.yl 7- met h y l - 2- n i t r o phe.nanthrene- 9- c a r b o x y late 
(UT R=Me) which we re  re  c r y s t a l l i z e d  from m ethyl a c e t a t e  
to  m .p . 187—188° (Pound: C, 6 9 .2 9 ;  H, 4 .4 6 .
^ 1 7 ^ 1 3 ^ 4  r e QLui res; 6 9 .1 4 ;  H, 4 .4 4 $ ) ,  U l t r a v i o l e t  
l i g h t  a b s o r p t io n  maxima ( i n  95$  e t h a n o l ) : 224 ( l o g  £
4 .4 9 )  r and 2 9 1 .5  jrn. ( l o g  £  4 . 5 2 ) .
N o te s :  ( i )  A p r e v io u s  experim ent perform ed under
a lm o st  i d e n t i c a l  c o n d i t io n s  p rov id ed  53$  
o f  th e  e s t e r ;  r e s u l t s  are  t h e r e fo r e  
r e p r o d u c ib le .
( i i )  An experim en t i n  which the  r e f l u x i n g  tim e  
was in c r e a s e d  to 15 m i n . , gave on ly  a 
poor y i e l d  o f  th e  e s t e r .
7 —Me t h y l - 2 - n i t  ro phenan thr  e n e -9 -c a r b 0 xy11 c a c id  ( C, R=Me) 
M ethyl 7-me t h y l - 2- n i  tro  p h en a n th ren e -9—car bo x y l a t  e 
( 0 1 « K=Me; 0 .1 0 0  g . ) ,  a c e t i c  a c id  (8 m l . )  and 5N- 
h y d r o c h lo r ic  a c id  (5 m l . )  were b o i l e d  under reflux fo r  
4 h r . ,  w ith o u t  com p lete  s o l u t i o n  ta k in g  p l a c e ,  and the 
m ix tu re  was s e t  a s id e  to c o o l .  The s o l i d  was collected,
r e c r y s t a l l i z e d  from a c e t i c  a c id  and d r ie d  a t  100°  
over KOH in  v a c u o « The crea m -co lou red  c r y s t a l s  
( 0 .0 6 9  g* 5 iy/°)  o f  7- methy 1- 2 —n itr o p h e n a n th r e n e - 9 -
c a r b o x y l ie  a c id  (0 ,  R=Me) m e lte d  a t  289-291°*  A 
sample was prepared fo r  a n a l y s i s  by r e c r y s t a l l i z a t i o n  
from a c e t o n i t r i l e  (Hound: C, 6 8 .2 3 ;  H, 3 .7 6 ,
^16^11^4- r e l ui r e s  6 8 .3 2 ;  H, 3.94$>). U l t r a v i o l e t  
l i g h t  a b s o r p t io n  maxima ( i n  95$ e t h a n o l ) :  223
( l o g  £ 4 . 4 9 ) ,  and 287 /nu ( l o g  £ 4 . 5 2 ) .
D e s u lp h u r iz a t io n  o f  2 -H it r o d ib e n z o [b ,:f  j t h i e p i n  
(X , R=H)
2 -H itr o d ib e n z o  [ b , f  ] t h i e p i n  ( 0 .2 5  g . ) , copper  
b ronze  ( 0 .2 5  g * ) and d i e t h y l  p h t h a la t e  ( 1 .5  m l. ) 
were b o i l e d  f o r  7j? m in . under r e f l u x ,  i n  an atm osphere  
o f  n i t r o g e n .  The r e a c t i o n  m ix tu re  was d i l u t e d  w ith  
b e n z e n e ,  warmed, and f i l t e r e d  through  a c h a r co a l  pad, 
The s o l v e n t s  were removed from th e  f i l t r a t e ,  by 
d i s t i l l a t i o n  under reduced  p r e s su r e  and the r e s i d u a l  
o i l ,  t o g e t h e r  w ith  a su b lim a te  o f  y e l lo w  c r y s t a l s  
which had formed on th e  upper s u r f a c e s  o f  th e  a p p ara tu s ,  
was d i s s o l v e d  in  b e n z e n e , th e  s o l u t i o n  was t r a n s f e r r e d  
to a t e s t - t u b e  and the  benzene was b o i l e d  o f f  o v er  the
s te a m -b a th ,  the  rem oval o f  the  l a s t  t r a c e s  b e in g  
a s s i s t e d  by a d d i t io n  o f  l i g h t  -petroleum. The 
b u f f  s o l i d  (0 .1 7 7  g . ; nup. 8 6 -1 0 2 ° )  which was 
o b ta in e d  by rubb ing  th e  r e s id u e  under m eth a n o l,  was 
e x tr a c t e d  w ith  b o i l i n g  l i g h t  petro leum  and the co ld  
e x t r a c t  was chromatographed on a column o f  alum ina  
w ith  l i g h t  petro leu m  as e lu a n t .  A p a le  g r e e n i s h -  
y e l lo w  band was c o l l e c t e d ,  and a f f o r d e d ,  a f t e r  
rem oval o f  the  l i g h t  p etro leum  and r e c r y s t a l l i z a t i o n  
o f  the r e s id u e  from m eth an o l,  y e l lo w  c r y s t a l s  (0 .0 4 2  
19$) m .p . 1 2 0 ° ,  o f  2 - n i t  rophenan th r  ene (X I, R=H') • 
C o n ce n tr a t io n  o f  the f i l t r a t e  a f fo r d e d  a m ix tu re  
(0*055  g * ) which was combined w ith  m a t e r ia l  (0 .0 1 2  g .  
o b ta in e d  from a second chrom atographic  f r a c t i o n  and 
re-ch rom atograph ed  on alumina e lu t e d  w ith  l i g h t  
p e tro le u m . P a t i e n t  c r y s t a l l i z a t i o n  from m e th a io l  
o f  m a t e r ia l  from th e  f i r s t  f r a c t i o n  o f  e lu a t e  a f fo r d s  
o n ly  a  sm a ll  amount o f  g o ld e n -y e l lo w  n e e d le s  (m icr o -  
m.p* 1 1 0 °}  o f  s t a r t i n g  m a t e r ia l .
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INTRODUCTION
The s u c c e s s f u l  e x t r u s io n  o f  su lph ur  from a number 
o f  d e r i v a t i v e s  o f  d i b e n z o [ b , f ] - l : 4 - t h i a z e p i n e  ( I )  
by J a r r e t t^  made the  s y n t h e s i s  o f  f u r t h e r  r e p r e s e n t a t iv e s
u 10
o f  t h i s  r in g  system  d e s ir a b le *  J a r r e t t  prepared  th e s e  
compounds by the co n d e n sa t io n  o f  o-am ino—th io p h e n o l  
w ith  arom atic  a ld eh y d es  and k e to n e s  c o n ta in in g  an 
a c t i v a t e d  c h lo r in e  atom i n  the ortho p o s i t i o n :
R 
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The u s e f u l n e s s  o f  the method i s  l i m i t e d  by the
i n a c c e s s i b i l i t y  o f  d e r i v a t i v e s  o f £ -a m in o -th io p h en o l#
2 3 4The r e c e n t  r e p o r t s  by Arcus e t  a l .  ’ ’ o f  the  
c o n v e r s io n  o f  v a r io u s  d e r i v a t i v e s  o f  f l u o r e n - 9 - o l  
( I I ,  R=H) to  p h e n a n th r id in e s  (c f*  I I I )  by a r e a c t io n
©f the  Schmidt t y p e ,  prompted an a ttem p t to  prepare  
d i b e n z © [ b , f ] - l : 4 —t h ia z e p in e s  from d e r i v a t i v e s  o f  
t h io x a n th e n -9 -Q l  ( th io x a n t h y d r o l )  by a s i m i l a r  
p ro ced u re .  The p r o sp e c t  was a t t r a c t i v e ,  b eca u se  
a v a r i e t y  o f  t h io x a n th y d r o ls  a r e  made a v a i l a b l e  by 
t h r e e  s im ole  m ethods.
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T h io x a n th y d ro ls  u n s u b s t i t u t e d  in  t h e - 9 - p o s i t i o n
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are r e a d i l y  prepared  by r e d u c t io n  o f  th io x a n th o n e s  (1)
T h io x a n th y d ro ls  s u b s t i t u t e d  i n  the  9 - p o s i t i o n  by a lk y l
6 1 8and a r y l  groups may be made w ith o u t  d i f f i c u l t y  ’ 
by the a c t io n  o f  G-rignard r e a g e n t s  on th io x a n th o n e s  (2)  
S u lp h u r ic  ac id  s o l u t i o n s  o f  th io x a n th y d r o ls  o f -b o t h
7
k in d s  may be made' by d i s s o l v i n g  o^ -ary lth io— 
b en z a ld e h y d es  and benzophenones i n  su lp h u r ic  a c id  (3 ) ;  
s in c e  Schmidt r e a c t i o n s  are c a r r ie d  out i n  a su lp h u r ic  
a c id  medium t h i s  method prom ised to be c o n v e n ie n t .
DISCUSSION
In 1923 Schmidt found t h a t  b e n z a n i l id e  was 
o b ta in e d  by the  a c t i o n  o f  a m ix tu re  o f  h y d r a z o ic
o
and s u lp h u r ic  a c id s  on benzophenone :
Ph.
= 0  Ph.CO.HK.Ph
Ph
The same r e a g e n t  was found to c o n v e r t  a ld e h y d es  to 
m ix tu r e s  o f  n i t r i l e s  a id  form amidea,
R.CHO --------- >  R.GN +---R.NE.CH0
and a c te d  upon c a r b o x y l ic  a c id s  w ith  the  fo rm a tio n  o f  
am ines:
r . co2h ---------> r . nh2
Q
In th e  words o f  W o lff  : " th e  r e a c t i o n  betw een
equim olar  q u a n t i t i e s  o f  h y d r a z o ic  a c id  and carb on y l  
compounds i n  the p r e se n c e  o f  s t r o n g ;m in era l a c id  has
become known as  the Schmidt r e a c t i o n ."
Ihe m ost s a t i s f a c t o r y  mechanism, so fa r  proposed  
f o r  the Schm idt r e a c t i o n  may be w r i t t e n  b r i e f l y  as  
f o l l o w s ;
In. e l e c t r o p h i l i c  a t ta c k  on t h e  c a rb o n y l  group (o r
more p ro b ab ly  i t s  p r o to n -a d d u ct)  by the h y d r a z o ic  a c id
s p e c i e s  shown, f o l lo w e d  by rearrangem ent w ith  l o s s
o f  n i t r o g e n ,  e x p la in s  the fo rm a tio n  o f  am ides from
k e t o n e s .  A s i m i la r  mechanism a c c o u n ts  s a t i s f a c t o r i l y
fo r  the  p r o d u cts  o b ta in e d  from o th e r  carbonyl compounds
The p o s t u l a t i o n  o f  a f i r s t  s t e p  as shown im p l ie s
t h a t  h y d r a z o ic  a c id  should  co n d en se , under the  same
c o n d i t i o n s ,  w ith  any c e n tr e  w hich h as a ten dency  to
form a carbonium i o n .  I t  was r e a s o n in g  a lon g  t h e s e
2 3 4l i n e s  th a t  l e d  Arcus to  examine the  b eh av iou r
o f  f l u o r e n - 9 - o l s  under the c o n d i t io n s  o f  the  Schmidt 
r e a c t i o n .  S in ce  t e r t i a r y  carbonium io n s  are so much
Ph
0
F
H
©
F =  F
Ph
more stable than secondary carbonium ions, it is 
i n  accordan ce  with theory that Arcus obtained the best 
r e s u l t s  from 9 - s u b s t i t u t e d  fluoren-9-ols.
H
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The mechanism w r i t t e n  out above fo r  th e  c o n v e rs io n  
o f  f l u o r e n - 9 - o l s  to p h e n a n th r id in e s  i s  a l o g i c a l
a d a p ta t io n  o f  the mechanism o f  th e  t y p i c a l  Schmidt
\
r e a c t i o n .
2 9Arcus , and l a t e r ,  Newman and Hay , observed
t h a t  a z id c tr ip h e n y lm e th a n e  (VI) was the  s o l e  produ ct
o f  .’the  trea tm en t o f  tr ip h e n y lm eth a n o l w ith  hydrazoic.
and su lp h u r ic  a c i d s .  Yet Arcus found t h a t  the  same
c o n d i t io n s  co n verted  9 - p h e n y l f lu o r e n - 9 - o l  ( I I ,  R=Ph), 
which i s  fo r m a l ly  so v e ry  s i m i l a r  to t r ip h e n y lm e th a n o l , 
to 9 -p h e n y lp h e n a n th r id in e  ( I I I ,  R=Ph) in  a y i e l d  o f  
94$ 3 .
I t  i s  e v id e n t  t h a t  the d r iv in g  f o r c e  f o r  the  
c o n v e r s io n  o f  th e  p ro to n -a d d u ct  ( IT ,  R=Ph.) o f  9~azido~  
9-ph en3rl.fl.uorene to  th e  9 -p h en y lp h en an th r id in iu m  c a t io n  
(T, R=Ph) i s  th e  g a in  i n  reson an ce  energy  a c h ie v e d  by 
a r o m a t iz a t io n  o f  th e  c e n tr a l  r in g  o f  th e  f lu o r e n e  
system .
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W ieland , who f i r s t  prepared  a z id o  t n  phenyl -
methane ( T I ) , n o ted  i t s  e x tr a o r d in a r y  s t a b i l i t y .
11l a t e l y ,  Hamer h a s  shown th a t  a z id o tr ip h en y lm e th a n e  , 
headed to  a tem perature  o f  150° i n  s u lp h u r ic  a c i d ,  
r e v e r t s  to  t r ip h e n y lm e th a n o l .
£ j \  ©  ©  ®  r r ©
Ph^C +...................... — ...Ph^G-H=H=HH ----------------------- Ph-^G]^
~vT
© © , A
H=H=HH ---------> p r o d u cts
This i s  e a s i l y  u n d erstood  i f  the co n d e n sa t io n  o f  
h y d r a z o ic  a c id  w ith  th e  carbonium io n  i s  c o n s id er ed
to  be r e v e r s i b l e .  At h ig h  tem p er a tu r es ,  i n  the  
p r e se n c e  o f  s u lp h u r ic  a c id ,  h y d ra z o ic  a c id  decomposes  
i r r e v e r s i b l y  to a number 03: p r o d u c ts ,  so th a t  the  
e q u i l ib r iu m  w i l l  be s h i f t e d  i n  fa v o u r  o f  th e  r e v e r s e  
r e a c t i o n .  For t h i s  r e a so n  the  Schmidt r e a c t i o n  i s  
alw ays c a r r ie d  o u t  a t  a tem p erature  o f  below  5 0 ° .
The a l a c r i t y  w ith  which h y d r a z o ic  a c id  adds to 
tr ip h en y lca rb o n iu m  io n s  l e d  u s  to  choose  9 -p h e n y l-  
x a n th y d r o l  (V II) fo r  our f i r s t  experim en t;  th e  t h i o -  
an a logu e  (V III)  was not a t  th e  time a v a i l a b l e .
As was to be e x p e c te d ,  a s t a b le  a z id e  was o b ta in ed  
from 9 -p h e n y lx a n th y d r o l  under the  c o n d i t io n s  o f  the  
Schm idt r e a c t i o n .  In  th e  p r e l im in a r y  exp erim en ts  
the  u s u a l  c o n d i t io n s  were adhered to i . e .  the
f t  OH 1 \  OH
x a n th y d r o l  was t r e a t e d  w i t h  sodium a z id e  i n  an 
environm ent o f  su lp h u r ic  a c id  and ch loro form .  
L a te r  the  ch loro form  was o m it te d .  Q u a n t i ta t iv e
y ie ld s ,  o f  9 -a z id o -9 -p h e n y lx a n th e n  (IX) were o b ta in e d  
when an aqueous s o l u t i o n  o f  sodium a z id e  was added 
(w ith o u t  e x t e r n a l  c o o l in g )  to a s o l u t i o n  o f  9 -p h e n y l-  
x a n th y d r o l  i n  d i l u t e  (33$ v / v )  s u lp h u r ic  a c id .  Under 
t h e s e  c o n d i t io n s  the a z id e  was p r e c i p i t a t e d  im m ed ia te ly .
9 -A z id o -9 -p h e n y lx a n th e n  (IX) i s  a w h ite  c r y s t a l l i n e  
s o l i d  o f  m .p . 1 0 9 -1 1 0 ° .  G-as e v o lu t io n  from the  m e lt  
was n o t i c e a b le  a t  1 5 0 ° ,  and was b r i s k  a t  1 8 0 ° .  Heated  
w ith  e t h a n o l ,  the a z id e  gave 9 -e th o x y -9 -p h e n y lx a n th e n  
. (V II ,  OSt f o r  OH).
In  v iew  o f  the  work o f  Hamer w ith  a z id o  t r ip h e n y l ­
me th a n e , th e re  was c l e a r l y  n o th in g  to  be ga in ed  by 
h e a t in g  the s u lp h u r ic  a c id  s o l u t i o n  of. 9—a z id o - 9 —
p h en y lx a n th en . However, an a ttem p t to  p y r o ly s e  the
12a z id e  seemed w o r th w h ile ,  b eca u se  S e n io r  h a s  proved  
th e  e x i s t e n c e  o f  benzophenone a n i l  in  the ta r  which  
r e s u l t e d  from p y r o l y s i s  o f  a z id o tr ip h en y lm e th a n e  (VI) 
i n  a s e a le d  tube a t  a tem perature  o f  2 2 5 ° .  Ihe a n i l  
was n o t  i s o l a t e d ,  but a f t e r  h y d r o l y s i s  benzophenone  
and a n i l i n e  were fou n d , the  l a t t e r  in  a y i e l d  o f  60$:
Rearrangement o f  9 -a z id o -9 -p h e n y lx a n th e n  (IX) along 
th e s e  l i n e s  could give two p r o d u c ts ,  because in  this 
m o le c u le  the bonds j o in in g  the a l i p h a t i c  carbon atom 
to  th e  th r e e  a r y l  groups are not a l l  e q u iv a le n t .  The 
two p o s s i b l e  products, are  1 1 -p h e n y ld ib e n z [b  ,.f ] - l  :4 -
A  n 3  
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©xazepine (X) and th e  a n i l  (XI) o f  xanth one.
I n  e a r ly  a ttem p t to p y r o ly se  u n d i lu te d  9 - a z i d o -  
9~phenylxanthen  was d is c o u r a g in g ,  and so b e t t e r  r e s u l t s  
w ere sou ght by c a r r y in g  out th e  d e c o m p o sit io n  i n  a 
s o lv e n t  o f  s u i t a b l e  b o i l i n g - p o i n t .  Only v ery  
l i m i t e d  s u c c e s s  was o b ta in e d  by b o i l i n g  a s o l u t i o n
o f  the a z id e  i n  x y le n e  for  2l h r . Cymene was the  
n e x t  s o lv e n t  t r i e d ,  but a g a in  r e s u l t s  l e f t  much to 
be d e s i r e d .  The poor equality o f  the t e c h n i c a l  
cymene a v a i l a b l e  made i t  i n  any c a se  a bad c h o ic e .
A s t r i c t l y  anhydrous s o lv e n t  was e s s e n t i a l ,  and 
so th e  cymene was t r e a t e d  w ith  sodium: th e  s o lv e n t
showed an a lm o st  i n s a t i a b l e  a p p e t i t e  fo r  th e  m e ta l ,  
which was not e n t i r e l y  abated  even a f t e r  d i s t i l l a t i o n  
from sodium.
The u se  o f  d e c a l i n  gave s a t i s f a c t o r y  r e s u l t s .
The t o t a l  y i e l d  (measured on th e  p i c r a t e s )  o f  b a se s  
o f  th e  c o m p o s it io n  o b ta in ed  by r e f l u x i n g  a
d e c a l i n  s o l u t i o n  o f  9~ a z id o —9-p h en y lx a n th e n  f o r  22 m i n . , 
was 79°fo* Two b a s e s  were found in  the  p r o d u c ts ,  and 
were r e a d i l y  se p a r a te d  from one an oth er  by making u se  
o f  th e  v ery  d i f f e r e n t  s o l u b i l i t i e s  o f  t h e i r  p i c r a t e s  
i n  b en zen e . From the h ig h e r - m e l t in g ,  l e s s - s o l u b l e  
p i c r a t e ,  a b a se  o f  m .p. 1 3 4 i °  was o b ta in e d :  t h i s
was proved to be xanthone a n i l  (XI) by d i r e c t  comparison
w ith  a sample made by the method o f  Schdnberg and
13A sker ,  and by i t s  h y d r o l y s i s  to xan th on e . Chromato­
graphy o f  the secon d  p ic r a t e  a f fo r d e d  an isom er o f  
m .p . 108- 1 0 9 ° ,  which was by e x c lu s io n  g iv e n  the
XIV
x v m
w
XVI
9LN
II
H
s t r u c t u r e  o f  1 1 - p h e n y l d i b e n z [ b , f ] - l : 4 - o x a z e p i n e  (X ) . 
The p r e p a r a t io n  o f  t h i s  o x azep in e  has been r e p o r te d  
by B rod r ick  _et a l . ^ .  In  v iew  o f  the p e r ce n ta g e  o f  
carbon, found by th e s e  au th ors  i n  t h e i r  p r o d u c t ,  fo r  
which they  reco rd  m.p* 8 1 ° ,  i t  i s  d o u b tfu l  i f  t h e i r  
m a t e r ia l  was p u re .
Encouraged by th e  f a c t  t h a t  the  d e s ir e d  product  
(X) was o b ta in e d  i n  55i° y i e l d ,  we now turned  w ith  
i n t e r e s t  to  an exa m in ation  o f  th e  b eh a v io u r  o f  9-  
p h e n y l - th io x a n t h y d r o ls  ( c f .  V I II )  under s im i la r  
c o n d i t i o n s .
A su pp ly  o f  5~ n i t r o - 2-]2>- t o ly l th io b e n z o p h e n a n e  
(X I I ,  R=Me, R'=H) was a t  hand, and so th e  e f f e c t  o f  
h y d r a z o ic  a c id  upon 2-m e th y l- 7—n i t r o - 9-p h e n y l -  
th io x a n th e n y l iu m  s u lp h a te  (XII3, R=Me, R'=H) was 
stu d ied , f o r t h w i t h .  A s o l u t i o n  o f  the benzophenone  
i n  s u lp h u r ic  a c id  (ci 1. .8 4 ) was a l lo w ed  to stan d  fo r  
a number o f  hou rs i n  the p r e se n c e  o f  e x c e s s  sodium  
a z id e .  The s o l u b i l i t y  o f  2 - m e t h y l - 7 - n i t r o - 9 - p h e n y l -  
th io x a n th y d r o l  (XIV, R=Me% R'=H) i n  su lp h u r ic  a c id  
was n o t  s u f f i c i e n t  to a l lo w  d i l u t i o n  o f  the s o l u t i o n  
w ith  w a te r .  D i l u t i o n  o f  the r e a c t i o n  m ix tu re  w ith  
i c e - w a t e r  p r e c i p i t a t e d  a s o l i d  a z id e  (XV, R=Me, R'=Ii) ,
which was decomposed by h e a t in g  in  d e c a l i n .  The 
a z id e  was n o t i c e a b l y  l e s s  s t a b l e  a t  the  b o i l i n g -  
p o in t  o f  d e c a l i n  than was 9- 3.z id o -9-p h en y lx a n th en :  
d e c o m p o s it io n  was com plete  a f t e r  7 m i n . , whereas  
i n  th e  ca se  o f  9- a z i d o - 9-p h e n y lx a n th e n ,  d e c o m p o sit io n  
was n o t  com plete  u n t i l  a f t e r  about 15 min. ( th e  
r e a c t i o n  was f o l lo w e d  by m easuring  the volume o f  
e v o lv e d  n i t r o g e n ) .  Only one b a s e ,  o f  co m p o sit io n
^20H14®2^2^ * was i s ° l a t e d  from th e  p r o d u c ts .  I t  
was proved  to  be the a n i l  (XVI, R=Me, R'=H) o f  2 -  
m eth y l—7 - n i t r o - t h io x a n t h o n e  (XVII, R?=Me) by h y d r o ly s i s
7
and com parison o f  the p rodu ct w ith  a u t h e n t ic  2-m eth y l  
7 - n i t r o - t h i o x a n t h o n e . The y i e l d  o f  th e  a n i l  was 
74^ o f  th e o r y .
L ik e w is e ,  2 - n i t r o - t h io x a n t h o n e  a n i l  (XVI,
R=R'=E) was the o n ly  p rod u ct found a f t e r  th e  
d e c o m p o s it io n  o f  the  a z id e  o b ta in e d  by th e  treatm en t  
o f  a s u lp h u r ic  a c id  s o l u t i o n  o f  2- n i t r o - 9-p h e n y l -  
th io x a n th y d r o l  (XIV, R=R'=H) w ith  sodium a z id e .
The a z id e  (XV, R=R'=H) gave an 86$  y i e l d  o f  th e  a n i l .
These r e s u l t s  were d i s a p p o in t in g .  I t  was 
borne in  mind t h a t  the  p r e se n c e  o f  a n i t r o  group
in  one o f  the benzene r in g s  o f  th e  a z id e s  (XV,
■ R=H, Me, E'=H) m ight reduce the  p o t e n t i a l  m ig ra to ry  
power o f  th a t  r in g .  P a c ts  are a v a i l a b l e  to show 
t h a t  t h i s  i s  p robab ly  the c a s e .
T r ip henylm eth ylh ydroxy lam in e  (XIX, Y=H) i s  
rearranged, (w ith  l o s s  o f  a m o le c u le  o f  w ater)  to
benzophenone a n i l  (XXI or XXII, X=H) by trea tm en t
15 9w ith  phosphorus p e n ta c h lo r id e  . Newman and Hay
have examined the  rearrangem ent o f  a r y ld ip h e n y l -
m e th y lh y d r o x y la m in e s , in  w hich th e  a r y l  r a d ic a l  i s
p a r a - s u b s t i t u t e d  p h en y l .  l ip h e n y l - jD -n itr o  phenyl -
m eth y lhydroxy lam in e  (XIX, YrHTC^ ) was found to  g iv e
ap p ro x im a te ly  s i x  t im e s  a s  much o f  the  a n i l
(XXI, Y=NQ2 ) as  o f  the £ - n i t r o a n i l  (XXII, T=N02 ) :
th e  m ig ra to ry  power o f  the  ]D -n itrophenyl group i s
P\  " °6H4X^ - )
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t h e r e f o r e  about a t h i r d  o f  th a t  o f  the  phenyl group.
The in te r m e d ia te  (XX) i s  d e r iv e d  by ana logy  w ith
th o se  which have been p o s t u la t e d  in  mechanisms f o r
16th e  C u r t iu s ,  Hofmann, and re la ted !  r e a c t i o n s  . The 
mechanism o f  th e  C u rt iu s  r e a c t i o n ,  w r i t t e n  fo r  an a r o y l  
a z id e ,  h as  the form:
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R e w r it in g  t h i s  scheme w ith  two a r y l  groups i n  p la c e  o f  
th e  carb on y l oxygen atom, we have a mechanism f o r  the
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therm al d e c o m p o s it io n  o f  a z id o tr ia r y lm e t h a n e s .  The 
in t e r m e d ia t e  (X X III) i s  o f  e x a c t l y  the same k ind
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as t h a t  (XX, Y=H) c o n s id e r e d  to "be formed by the  
d e h y d ra t io n  o f  tr ip h e n y lm e th y lh y d r o x y la m in e , and so 
i t  i s  very  prob ab le  th a t  th e  f i n d in g s  o f  Hewman and 
Hay are  o f  d i r e c t  r e le v a n c e  to the p y r o l y s i s  o f  
9 - a z i d o - 2  (o r  7 ) - n i t r o - 9 - p h e n y l - t h i o x a n t h e n s  (XV,
R=H, Me, E'=H).
In  the  ca se  o f  t h e s e  a z i d e s ,  the n i t r o  group i s  
i n  the p o s i t i o n  m eta to th e  a l i p h a t i c  carbon atom, 
and w i l l  be l e s s  e f f e c t i v e  than  th e  para- n i t r o  group 
o f  Hewman and Hay in  r ed u c in g  th e  e l e c t r o n  d e n s i t y  
about the  p o t e n t i a l l y  m ig ra to r y  c e n tr e .  S in c e  the  
d r i v in g  f o r c e  fo r  any O u r t iu s - ty p e  rearrangem ent i s  
im agin ed  to be th e  need o f  the n i t r o g e n  atom in  th e  
in te r m e d ia te  to  augment i t s  s e x t e t  o f  e l e c t r o n s ,  t h i s  
means t h a t  a m eta- n i t r o a r y l  group i s  more l i k e l y  
to m ig ra te  than a p a r a -n i t r o a r y l  group. n e v e r t h e l e s s  
i t  i s  to be e x p e c te d  t h a t  a m eta- n i t r o a r .y l  group w i l l  
s t i l l  have much l e s s  m ig ra to ry  power than i t s  
u n s u b s t i t u t e d  a n a lo g u e . I t  i s  t h e r e f o r e  u n l i k e l y  
t h a t  lX—a r y 1 - 8 - n i t r o d i  b en s® [b , f 1 - 1 : 4 - t h ia z e p in e  s  
(XXIT) w i l l  be e a s i l y  d e t e c t a b l e  i n  the  d eco m p o sit io n
products, o f  9 - a r y l - 9 - a z i d o - 2  
(o r  7 ) - n i t r o - t h io x a n t h e n s .  
(XV).
xxtv
Ih ere  i s  no e s s e n t i a l  d i f f e r e n c e  betw een  
the mechanism d e r iv e d  above fo r  the  p y r o l y s i s  o f  
t r i a r y l  a z i d e s ,  and the  mechanism w r i t t e n  e a r l i e r  
(p .  i n  ) f o r  th e  rearrangem ent o f  the  p r o to n -a d d u c ts  
(IV) o f  9 - a z i d o f lu o r e n e s .  In  th e  l a t t e r  case  an 
in t e r m e d ia t e  may be im agined which d i f f e r s  from  
the in te r m e d ia te  (XXIII) o n ly  i n  the  c o o r d in a t io n  
o f  a p ro ton  by t h e  e l e c t r o n s  o f  th e  n i t r o g e n  atom.
The r e s u l t i n g  p o s i t i v e  charge on th e  .n i tr o g e n  atom 
w i l l  make m ig r a t io n  e a s i e r ,  b u t  should  make no 
d i f f e r e n c e  to th e  r e l a t i v e  m ig ra to r y  powers o f  the  
a r y l  groups . I t  i s  t h e r e fo r e  i n  order to invoke  
th e  f i n d in g s  o f  Arcus , t h a t ,  under the c o n d i t io n s  
o f  th e  Schmidt r e a c t i o n ,  3 - n i t r o f l u o r e n - 9 - o l  
(XXV) and 2 - n i t r o f l u o r e n - 9 - o l  (XXVI) g iv e  m a in ly  *
6-n i t r o p h e n a n th r id in e  (XXVII) and 7 -n i t r o p h e n a n th r id in e
(X X V III) , r e s p e c t i v e l y ,  as f u r t h e r  e v id e n c e  o f  the
<3N
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d e p r e s s io n  o f  the  m ig ra to ry  power o f  a phen yl group 
by n i t r o - s u b s t i t u t i o n .
I h e s e  c o n s id e r a t io n s  su g g e s te d  t h a t  th e  r a te  o f  
a n i l  fo rm a tio n  d u r in g  the  d e c o m p o sit io n  o f  9- a r y l - 9-azido«  
2(©.r7)—n i t r o —th io x a n th e n s  (XT) would be l e s s  i n  a 
c a se  where th e  9~ a r y l  group a l s o  p o s s e s s e d  a n i t r o -  
s u b s t i t u e n t .
A c c o r d in g ly ,  the a z id e  (XT, R=H, R^RC^) 
was made from 5 : 3 ' - d i n i t r o - 2-p h en y lth io b en zo p h en o n e  
(X I I ,  R=H,. R'sHOg) by the  method a lr e a d y  d e sc r ib e d  
f o r  th e  a z id e  (XT, R=Me, R'=H). I t  was hoped th a t  ■
the a d d i t io n a l  n i t r o  group would d e p r e ss  a n i l  j.
fo rm a tio n  s u f f i c i e n t l y  to a l lo w  a good y i e l d  o f  
2- n i t r o - l l - m - n i t r o p h e n y l d i b e n z o [ b , f ] - l : 4- t h i a z e p in e
(X T III , R=H, R'=R02 ) .
The r a te  o f  n i t r o g e n  e v o lu t io n  from 9 - a z id o -  
2 - n i t r o - 9 - m - n i tr o p h e n y l - th io x a n th e n  (XT, R=H,
i n  b o i l i n g  d e c a l in  was not n o t i c e a b ly  l e s s
than th a t  o f  th e  a z id e s  (XT, R=H, Me, R'=H) . The
p r i n c ip a l  p rod u ct  was a g a in  an a n i l  o f  th io x a n th o n e .
2 -N itr o - th io x a n th o n e  m - n i t r o a n i l  (XTI, R=H, R'=N02 ) ,
which was o b ta in e d  i n  47$  y i e l d ,  was i d e n t i f i e d  by
h y d r o l y s i s  to  2- n i t  1*0 - th io x a n th o n e  (XTII, R=H). The
d e s ir e d  p rod u ct  (X T III , S=H, R'=NC>2 ) was a l s o  fou n d ,
but on ly  i n  very  sm all q u a n t i ty  (3*5 f°) • I t  was
I d e n t i f i e d  by comparison w ith  a sample o f  2 - n i t r o -
11-m—n i t r o p h e n y ld ib e n z o [ b , f  ] - l : 4- t h i a z e p i n e  made by 
1
J a r r e t t  *
I t  was now c l e a r  t u a t  the d e c o m p o s it io n  o f  9 -  
a z i d o - 9-p h e n y l—th io x a n th e n s  was not a p r a c t i c a l  r o u te  
to  d i b e n z o [ b , f ]—l : 4 - t h i a z e p i n e s .  N e v e r t h e le s s  i t  was
f e l t  th a t  the  work would not be com plete  w ith o u t  a 
stu d y  b e in g  made o f  9- a z i d o - 9-p h e n y l~ th io x a n th e n
(XXIX) i t s e l f .
I’rom th e  tre a tm en t  o f  th e  su lp h u r ic  a c id  s o l u t i o n  
o f  9 - p h e n y l - th io x a n th y d r o l  ( T i l l ,  p .  ) w ith  sodium  
a z id e ,  an o i l  was o b ta in e d  which e v o lv e d  95$ o f  the
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t h e o r e t i c a l  n i t r o g e n  a f t e r  7 m in. a t  the b .p .  o f  
d e c a l i n .  The r a te  o f  d e c o m p o s it io n  was v ery  
l i t t l e  g r e a t e r  than th a t  o f  any o f  th e  n i t r o -  
s u b s t i t u t e d  a z id e s  (XY, R=H, Me, R'=H, W ^ )  • As 
was e x p e c te d ,  the m ajor product was the a n i l  (XXXI; 
m»p. 1 5 5 °)  o f  th io x a n th o n e , which was i d e n t i f i e d  by 
h y d r o ly s i s  to  th io x a n th o n e .  Thioxanthone a n i l  was 
i s o l a t e d  i n  45*6$ y i e l d .  The m a t e r ia l  r em ain in g  
i n  th e  f i l t r a t e s  was h e a ted  w ith  h y d r o c h lo r ic  a c id ,  
when a q u a n t i ty  o f  th io x a n th o n e  co rresp o n d in g  to  
a n o th e r  2 5 . 4$  o f  th e  a n i l  was p r e c i p i t a t e d .
B a s i f i c a t i o n  o f  th e  a c id  s o l u t i o n  th en  a f fo r d e d  13 f° 
o f  an isom er  o f  m .p . 11.7 ° ,  which was .proved to  be 
I X - p h e n y l d i b e n z o [ b , f ] - l : 4 - t h i a z e p i n e  (XXX) by 
d e s u lp h u r iz a t io n  to 9 -p h e n y l-p h e n a n th r id in e  ( I I I ,  
R=Ph).
When a s o l u t i o n  o f  th e  t h ia z e p in e  (XXX) in  
d i e t h y l  p h t h a la t e  was b o i l e d  w ith  copper f o r  65 m i n . , 
t h e p i c r a t e  o f  th e  p h en a n th r id in e  cou ld  be i s o l a t e d  
in. 93*6$ y i e l d .  The comparison sample o f  9 -p h e n y l -  
p h en a n th r id in e  was made by th e  method o f  Morgan and 
W alls1 7 .
To a v o id  i n t e r r u p t io n  o f  th e  above d i s c u s s i o n ,
one or  two ex p er im en ts  were n o t  m entioned .
An attem p t was made to d e su lp h u r iz e  2~m eth y l~7~
n i t r o - th io x a n t h o n e  a n i l  (XVI, R=Me, R'=H) under the
c o n d i t io n s  used  by J a r r e t t^  fo r  th e  d e s u lp h u r iz a t io n
o f  the  t h ia z e p in e  (X V III, R=R'=E): 84-$ o f  th e  base
was r e c o v e r e d  unchanged.
2 -F it r o ~ 9 - p h e n y l - t h io x a n t h y d r o l  (XIV, R=R'=E)
and 5 : 3 ' —d in itr o -2 -p h e n y lth io b e n z o p h e n o n e  (X II ,
R=E, R^=N0 2 ) have not p r e v io u s ly  been d e s c r ib e d .
These compounds were made a c c o r d in g  to th e  methods
7
g iv e n  by l®udon a t  a l . fo r  th e  p r e p a r a t io n  o f  2-m eth y l  
7 - n i t r o - 9 - p h e n y l - t h i o x a n t h y d r o l  (XIV, R=Me, R'=H) and 
5 - n i t r o — to ly lth io b e n z o p h e n o n e  (X II ,  R=Me, R '= E ), 
r e s p e c t i v e l y .
EXPERlMEb fAh
P le a s e  r e f e r  to  th e  remarks on p. 7 8  .
A l l  exp er im en ts  involving the  u se  o f  h y d ra z o ic  
a c id  were c a r r ie d  ou t  i n  a draught cupboard.
9 -P h e n y lx a n th y d r o l  (V II)
The u n d e t a i le d  i n s t r u c t i o n s  o f  Btinzly ana Decker  
were a p p l ie d  a s  f o l l o w s .
A h o t  s o l u t i o n  o f  xaathone (10 g . ) i n  benzene 
(200 m l . )  was added r a p i d l y ,  w ith  m ech an ica l stirring 
to  a s o l u t i o n  o f  phenylmagnesium bromide in ether 
(60 m l . ) ,  prepared, from magnesium ( 2- g . ) and 
bromobenzene (9 ml.,,).. The m ixtu re  was heated under  
r e f l u x  on t h e  s te sm -b a th  fo r  1 h r . , w ith  con tin u ed  
s t i r r i n g .  A f t e r  benzene (100 m l.) - h a d  been allowed 
to  d i s t i l ,  the  reaction mixture was t r a n s f e r r e d  to  
a s e p a r a t in g  funnel, where i t  was extracted with 
c o n c e n tr a te d  hydrochloric acid ( t o t a l  volume from 
3 e x t r a c t i o n s :  200 m l . ) .  The  a c i d i t y  ©f the
combined a c id  e x t r a c t s  was red u ced  by a d d i t io n  o f  
aqueous ammonia u n t i l  I t  was j u s t  s u f f i c i e n t  to 
impart a blue colour to Congo red. 'White crystals
(1 2 .4  g . ; 8 8 . 6$)  in.p. 1 5 7 -159 °  o f  9 -p h en y lx a n th y d ro l
(V II) were o b ta in ed  a f t e r  two r e c r y s t a l l i z a t i o n s  
( c h a r c o a l )  o f  th e  c o l l e c t e d  s o l i d  from benzene .
9—A z id o -9 -p h e n y lx a n th e n  (IX)
9—P h en y lx a n th y d ro l  (VII; 5 .0 0  g . ) was d i s s o l v e d  
i n  a m ix tu r e  o f  s u lp h u r ic  ac id  (d 1 *8 4 ; 50 m l . )  and
w a ter  (100 m l . )  by warming th e  m e c h a n i c a l ly - s t i r r e d  
m ixtu re  on a w a te r -b a th  a t  55°• The orange s o l u t i o n  
was a l lo w e d  to  c o o l  to room tem perature  and a s o l u t i o n  
o f  sodium a z id e  (1 0 . 0  g . ) in  w ater  (40 m l . )  was run 
i n  ov er  a p er io d  o f  7 m in. S t i r r i n g  was co n tin u ed  
f o r  15 m i n . , th e  m ix tu re  was a l lo w ed  to  stan d  fo r  a 
f u r th e r  15 min. and th e  w h ite  p r e c i p i t a t e  was c o l l e c t e d ,  
washed w ith  w ater  u n t i l  f r e e  from a c id  and dried, over  
KOH i n  v a c u o . The powder (5*32  g . ; 99*5$) m elted
a t  1 0 8 -1 1 0 ° .  C o lo u r le s s  c r y s t a l s  ( i n  the form both  
o f  n e e d le s  and t a b l e t s )  m .p. 109- 1 1 0 ° o f  9- a z i d o - 9-  
phe-nylxanthen (IX) were o b ta in ed  from l i g h t  petro leum
(Pound: O, 7 6 .1 2 ;  H, 4 .0 8 ;  E, 1 3 .8 8 .  Gi 9Hi 3LT3°
r e q u ir e s  0 , 7 6 .2 4 ;  H, 4 .3 8 ;  N , 1 4 .0 4 # ) .
A s o l u t i o n  o f  th e  a z id e  in  e th a n o l  was h ea ted
fo r  a few  m in u tes  a t  th e  b . p .  The c o o l in g  s o l u t i o n
d e p o s i t e d  c r y s t a l s  m .p. 1 0 2 -1 0 3 °  o>f 9- e t h o x y - 9-  
p h en y lxan th en  (V II ,  OEt f o r  OH), which d id  n o t  
d e p r e s s  the m .p . o f  a u t h e n t ic  m a te r ia l  made hy
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th e  method o f  B dnzly  and Decker
The Thermal D ecom p osit ion  o f  9 -A z id o -9 -p h e n y lx a n th e n  ( IX)
9 -A z id o -9 -p h en y lx a n th e n  ( 1 .0 0  g . ) and d eca l in  
( d i s t i l l e d  from sodium; 2 .0  m l . )  were h e a te d  under  
r e f l u x  fo r  22 m in. The d i s p l a c e d  a i r  was p assed  
through a tube o f  ca lc iu m  c h lo r id e  and was c o l l e c t e d  
o v er  w ater  by a eud iom eter  tu b e:  d isp la c e m e n t  due
to  therm al ex p a n s io n  was a p p ro x im ate ly  c o r r e c te d  fo r  
by s u b t r a c t io n  o f  the volume o f  a i r  d i s p la c e d  when 
d e c a l i n  ( 2 . 0  m l . )  was h e a te d  a lon e  in  th e  same 
a p p a ra tu s . The volume o f  n i t r o g e n  e v o lv e d  was found  
to  be q u a n t i t a t i v e  (98$  o f  th e o ry )  a f t e r  15 min. a t  
th e  b .p .
The s o l u t i o n  was d i lu t e d  w ith  benzene and f i l t e r e d  
h o t  through a  c h a r co a l  pad. A s o l u t i o n  o f  p i c r i c  
a c id  ( 0 . 4  g . )  i n  h o t  benzene was added to the  f i l t r a t e  
( f i n a l  volume: 15 m l . ) .  An o r a n g e -c o lo u r e d  p ic r a t e
' ) o
(0 ,6 4 2  g . ) o f  m .p, 20 5 -2 0 8 °  c r y s t a l l i z e d  o u t .  The 
m other l iq u o r  was evap ora ted  to d r y n e s s ,  the r e s id u e
was d i s s o l v e d  in  m ethanol (10 m l . )  and a s o l u t i o n  o f
p i c r i c  a c id  ( 0 . 4  g. ) i n  m ethanol (5 m l . )  was added.
The d i s c o lo u r e d  c r y s t a l s  which appeared on s ta n d in g
were c o l l e c t e d ,  a second crop was o b ta in e d  by
c o n c e n tr a t io n  o f  th e  f i l t r a t e ,  th e  combined crops
were d i s s o l v e d  i n  benzene and th e  s o l u t i o n  was
p a sse d  through a column o f  n e u t r a l  alum ina u s in g
benzene as e lu a n t .  The y e l lo w  e lu a t e  was evaporated
to  d r y n e s s ,  the r e s id u e  was tak en  up i n  m ethanol
(6 m l . ) ,  a  s o l u t i o n  o f  p i c r i c  a c id  ( 0 . 4  g . ) i n
m ethanol (6 m l . )  was added and th e  s o l u t i o n  was
warmed on the  s te a m -b a th . C an ary -ye llow  c r y s t a l s
( 0 .6 7 8  g . ) o f  a p i c r a t e  m .p . 150- 1 5 2 ° appeared
a lm ost  a t  on ce . R e c r y s t a l l i z a t i o n  o f  the p i c r a t e
m .p . 205- 2 08° from benzene a f fo r d e d  m a t e r ia l  ( 0 .3 9 5  g . )
which m e lte d  a t  226- 2 2 7 ° a f t e r  i n s e r t i o n  i n  the  h o t -
b lo c k  a t  2 1 0 ° .  The mother l iq u o r  was eva p o ra ted
to  d r y n e ss  and h ot m ethanol ( 3 -4  m l . )  was added.
C an ary-ye llow  c r y s t a l s  (0 .1 5 3  g . ) o f  m .p . 1 5 0 -1 5 2 °
were o b ta in e d .  A f u r t h e r  q u a n t i ty  (0 .0 8 5  g . ) o f
t h i s  p i c r a t e  was se cu re d  by c o n c e n tr a t io n  o f  the  
f i l t r a t e  t o g e t h e r  w ith  the f i l t r a t e  from the f i r s t  
crop o f  c r y s t a l s  m .p . 150- 1 5 2 ° .
P ic r a t e  o f  m .p . 227° (0 .3 9 5  g . ; 24$)•
The p i c r a t e  (Pound: C, 6 0 .3 4 ;  H, 3 .5 4 .
^25% 6^4(^8 r e q u ir e s  C, 60.01;: H, 3 .2 2 $ )  i s  a s a l t
o f  p i c r i c  a c id  and a base  O-^H-j^EO. f r e e  base
was. i s o l a t e d  by p a s s in g  a s o l u t i o n  o f  th e  p i c r a t e  
i n  h o t  benzene through a column o f  n e u t r a l  alum ina  
w ith  hot benzene as  e lu a n t ,  e v a p o r a t in g  the y e l lo w  
e lu a t e  to  d r y n e ss  and c r y s t a l l i z i n g  the r e s id u e  from 
l i g h t  p e tro leu m . R e c r y s t a l l i z a t i o n  from m ethanol  
a f fo r d e d  b r ig h t  y e l lo w  n e e d le s  o f  nr.p. 134- 134-2 °
(G-raebe and R ttder^  r e p o r t  m .p . 1 3 4 .5 °  f o r  xanthone  
a n i l ) .  A sample o f  xanthone a n i l m a d e  by the  
method o f  Sch6n b erg  and A s k e r ^ ,  a f t e r  s e v e r a l  
r e c r y s t a l l i z a t i o n s  from m eth an o l,  had m .p . 127- 1 29 ° 
r a i s e d  to  129- 132-j-0 by adm ixture  w ith  the  b a se  o f  
m .p . 1 3 4 - 1 3 4 i°  (Pound: G, 8 3 .8 1 ;  H, 4 .8 2 ;  E, 5 .3 7 .  
C a lc u la te d  fo r  Ci g H15IK): G, 8 4 .1 1 ;  H, 4 .8 3 ;  E, 5 .1 6 $ ) .  
The in f r a r e d  a b s o r p t io n  s p e c t r a  (KC1 d i s c )  o f  the  
two specim ens were i d e n t i c a l ,  w ith  maxima a t  1625 ( s ) ,
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1615 ( s ) ,  1595 ( s ) ,  1474 (m ), 1452 ( s ) ,  1336 ( s ) ,
1282 (w ) , 1250 (m ), 1210 (m ), 1142 (m ), HOC (m ),
1072 ( w ) , 1028 ( w ) , 942 (m ), 879 (w ) , 854 (w ) , 791 ( w ) ,
777 (m ),  764 ( s ) ,  748 ( s )  and 699 cm. - 1  (m ).
The base  o f  m .p . 1 3 4 - 1 3 4 i°  (0 .0 2 5  g * ) was h y d r o ly se d  
to  xanthone i n  85 fo y i e l d  by warming i t s  s o l u t i o n  i n  a 
m ix tu r e  (0 .2 5  m l . )  o f  5H -h y d r o c h lo r ic  a c id  (1 volume) 
and a c e t i c  a c id  ( l  volume) f o r  1 h r .  on the  steam -bath ;  
the  w h ite  n e e d le s  m.p. 173- 1 7 4 ° ( 0 .0 1 5  g . )  which  
form ed were c o l l e c t e d ,  washed w ith  w a te r  and d r ie d  
o v er  KOH i n  v a c u o . The i d e n t i t y  o f  the n e e d le s  was 
e s t a b l i s h e d  by a mixed m .p. d e te r m in a t io n  w ith  an 
a u th e n t ic  sample ( B r i t i s h  Drug Houses L td .)  o f  xanthone  
and by a com parison o f  the  in f r a r e d  a b s o r p t io n  s p e c tr a  
( n u j o l ) . '
The i n f r a r e d  a b s o r p t io n  spectrum (n u jo l )  o f  th e  
p i c r a t e  was i d e n t i c a l  w i t h  the spectrum o f  th e  p i c r a t e  
m.p* 223- 2 2 4 ° w hich was o b ta in e d  from a sample o f  
xanthone a n i l  prepared a c c o r d in g  to th e  d i r e c t i o n s  o f  
Schflnberg and A sker.
These f a c t s  e s t a b l i s h  t h a t  the  p i c r a t e  o f  m .p . 227° 
i s  th e  p i c r a t e  o f  xanthone a n i l .
P ic r a t e  o f  m .p . 152° (0 .9 1 6  g . ; 55^)*
The p ic r a t e  was d i s s o l v e d  in  benzene and the  
s o l u t i o n  was p assed  through a column o f  alum ina w ith  
benzene as e lu a n t .  The p a le  green  e lu a t e  was 
ev ap ora ted  to  d r y n e ss  and the r e s id u e  was c r y s t a l l i z e d  
from l i g h t  p e tro leu m . The p a le  g r e e n i s h - y e l lo w  s o l i d  
melted, a t  1 0 8 -1 0 9 °  (Found: G, 8 4 .3 9 ;  H, 4 .8 3 ;
N, 5 .1 4 .  C^H-^UO r e q u ir e s  G, 8 4 . 1 1 ; H, 4 .8 3 ;
B, 5 .1 6 $ )  and the mixture, w ith  xanthone a n i l  a t  
90- 9 7 ®. The m a t e r ia l  i s  t h e r e f o r e  n o t  xanthone a n i l ,  
and must have the  s t r u c t u r e  o f  11- p h e n y ld ib e n z [ b , f ] -  
1 :4-© xazep in e  (X) .
B rod rick  jet a l ." ^  c la im  to bave prepared t h i s  
compound ( fo r  w hich  the  E d ito r  o f  J .  ..prefers the  
name' 5- p h e n y l - 2 s3- 6 i 7- d i b e n z - l ~ o x a - 4—a z a c y c lo h e p ta -  
2 i 4 : € - t r i e n e )  and record  m .p. 81°  f o r  th e  f r e e  base  
and m .p . 149- 1 5 0 ° f o r  i t s  p i c r a t e .
5 - E i t r o - 2 - i£ - to ly lth io b e n z Q p h e n o n e  (X I I ,  H=Me, B'=H)
T h is  m a t e r ia l  was k in d ly  su p p l ie d  by Dr. J .D .
7Loudon •
2-Me t h y l - 7 - n i trd - th iox an  thone A n il  (XVI, R=Me , !R'=H)
5- M t r o - 2-]3—to ly lth io b e n z o p h e n o n e  (X II ,  R=Me, R'=H 
5 . 0  g . ) was d i s s o l v e d  in  s u lp h u r ic  a c id  (d 1 . 8 4 ; 10 m l . ) ,
the s o l u t i o n  was c o o le d  in  i c e  and sodium a z id e  (5 g . ) 
was added w ith  s t i r r i n g .  The su sp e n s io n  was s t i r r e d  
f o r  a f u r t h e r  10 min. a f t e r  which i t  was s e t  a s id e  
(12 h r . ) .  The p r e p a r a t io n  was poured onto i c e ,  and 
the  p r e c i p i t a t e  ( 5 .3  g . ; m .p . c a . 8 0 ° )  was c o l l e c t e d ,  
washed w e l l  w ith  w ater  and d r ie d  over  OaClg in  v a c u o .
The red d ish -b row n  powder was e x tr a c te d  s e v e r a l  t im es  
w ith  a b o i l i n g  m ix tu re  o f  benzene and l i g h t  petro leum  
( 1 : 3  v / v ) , th e  combined e x t r a c t s  were t r e a t e d  w ith  
c h a r c o a l  and the  f i l t r a t e  was c o n c e n tr a te d .  The 
a z id e  (XV, R=Me, R'=H) c r y s t a l l i z e d  f i r s t ,  in  p a le  
g reen  or p a le  y e l lo w  prism s o f  u n d ec id ed  m.p. ( th e  
c o lo u r  and m .p . v a r ie d  w ith  each p r e p a r a t io n ;  the  
m .p. v a r ie d  betw een  90 and 1 3 0 ° ,  and was a lw ays p o o r ly  
d e f in e d )  which were r e a d i l y  d i s t i n g u i s h e d  from the  
much sm a l le r  c r y s t a l s  (m .p. 2 03°) o f  2-m e th y l~ 7- n i t r o -  
9 -p h e n y l - t h io -x a n t h y d r o l  (XIV, R=Me, R*=H) which fo l lo w e d .  
A second r e c r y s t a l l i z a t i o n  from the sa m e .s o lv e n t  
m ix tu r e  was s u f f i c i e n t  to ren der  the  a z id e  f r e e  from
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th e  t h io x a n th y d r o l .  A t o t a l  o f  3 .9 2  g. (73$) o f  
the a z id e  .as o b ta in e d .  A sample su bm itted  fo r  
a n a l y s i s  was found to c o n ta in  more th an  the  
t h e o r e t i c a l l y  r e q u ir e d  carbon, and hydrogen and l e s s  
than the r e q u ir e d  n i t r o g e n  (Pounds 0 ,  67*17; H, 4*26;
N, 1.4*23. G20H14^ 4°2S r e ! u i r e s  64*17; H, 3*77;
IT,' 1 4 * 9 7 $ ) .  A f t e r  c r u sh in g  and h e a t in g  ( l  h r . )  a t  
50° i n  vacuo the r e s u l t s  were improved. (Pound:
C, 65*29; H, 4*41$) and con tin u ed  to do so (Pound:
C, 6 4 *6 7 ; H, 3 .3 2 $ )  w ith  f u r t h e r  (5 h r . )  g e n t le  h e a t in g  
in  v a c u o .
The a z id e  ( 1 . 0  g . )  and d e c a l i n  (5 m l . )  were 
heated, under r e f l u x .  The volume o f  n i t r o g e n  e v o lv e d  
was measured as  d e s c r ib e d  i n  the  accou n t o f  th e  therm al  
d e c o m p o s it io n  o f  9 -a z id o -9 -p h e n y lx a n th e n  ( I X ) ,  and 
was found to be q u a n t i t a t i v e  a f t e r  7 min. a t  th e  b .p .
The y e l lo w  c r y s t a l s  m .p . 198 -1 9 9 °  (0 .6 8 4  g . ; 74$) 
which formed on c o o l in g  were c o l l e c t e d ,  washed w ith  a 
l i t t l e  l i g h t  petro leum  and d r ie d  i n  a c u rren t  o f  a i r .  
A f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s  from benzene the  
m a t e r ia l  (Pound: 0 ,  69*68; H, 4*24; IT, 8 .65*
^20^14^2^2^ r e i u i r e s  0 ,  6 9 .3 6 ;  H, 4*07; h ,  8 .0 9 $ )
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had m .p. 200- 202° ,  d e p r e sse d  to  170- 1 9 0 ° by 
adm ixture w ith  2-m et h y l - 7 - n i t r o - 9 -p h e n y l - t h io x a n th y d r o l  
(XIV, R=Me, R'=H; m .p . 2 0 3 ° ) I nf r ar e d l i g h t  
a b s o r p t io n  maxima (KOI d i s c ) :  1613 ( s ) ,  1603 ( s ) ,
1593 ( s ) ,  1577 (m), 1520 ( s ) ,  1470 (m ), 1416 ( w ) ,
1340 ( v s ) ,  1306 (m ), 1256 (m ), 1153 (w ) ,
1134 Cm), 1107 ( w ) , 1081 (m ), 913 ( w ) , 900 ( w ) , 888 ( w ) , 
826 (w ) ,  808 (m), 766 (m ), 756 ( w ) , 737 ( s ) , 697 (m), 
and 691 cm. (m) .
The b ase  O^ qH-^^ l^O^S ( q . 100 g . )  d i s s o l v e d  i n  a
co ld  m ix tu re  o f  a c e t i c  a c id  (10 m i l )  and 5h -h y d r o -
c h l o r i c  a c id  (5 m l . ) .  When the  c l e a r ,  red  s o l u t i o n
was warmed m a t e r ia l  began to  p r e c i p i t a t e .  The
r e a c t i o n  was com pleted  by b o i l i n g  under r e f l u x  fo r
1 h r .  The co ld  mixture, was f i l t e r e d  and th e  s o l i d
was washed w ith  w a te r  fo l lo w e d  by e t h a n o l .  A f te r
d r y in g  o v er  K0H i n  vacuo the k h a k i -y e l lo w  powder
w eighed  0 .0 6 9  g . ( 88$ )  and had m .p . 2 6 3 -2 6 4 ° ,
unchanged by admixture; w ith  a specim en o f  2- m e t h y l -
7 - n i t r o - t h io x a n t h o n e  (XVII, B=Me) made by the method
7o f  Loudon e t  a l . ; th e  two sam ples had i d e n t i c a l  
in f r a r e d  a b s o r p t io n  s p e c tr a  ( n u j o l ) .
The b a se  G20H14N2 °2 S o f  m#p# 200~ 202o must 
t h e r e f o r e  have the  s t r u c tu r e  o f  2- methy1- 7- n i t r o -
th io x a n th o n e  a n i l  ( 2- m e t h y l - 7- n i t r o - 9- t h io x a n th e n y l id e n e
a n i l i n e ;  XVI, R=Me, R '=H ).
The o v e r a l l  y i e l d  o f  the a n i l  from 5 - n i t r o - 2 -
ja—to ly lth io b e n z o p h e n o n e  was 54$  o f  th e o r y .
A ttem pted D e s u lp h u r iz a t io n  o f  2 - M e t h y l - 7 - n i t r o -  
th io x a n th o n e  A n il  (XVI, R=Me, R'=H)
The a n i l  ( 0 .5  g * ) > copper bronze ( 0 .5  g * ) and 
d i e t h y l  p h th a la te  (4 m l . )  were h e a ted  under r e f l u x  
f o r  7 -8  m in. on a m e ta l -b a th  m a in ta in ed  a t  a tem perature  
o f  3 1 5 -3 2 0 ° .  The c o ld  r e a c t i o n  m ix tu r e  was d i l u t e d  
w ith  b e n z e n e , warmed and f i l t e r e d  through a ch a rco a l  
pad. S t a r t i n g - m a t e r ia l  ( 0 .4 2  g . ; 84$) m .p. 1 9 9 -2 0 0 ° ,
r a i s e d  1°  by adm ixture w ith  th e  pure b a se  (XVI,
R=Me, R '-H ), was r e c o v e r e d  by f lo o d in g  the  f i l t r a t e  
w ith  l i g h t  p e tro leu m .
2 - R i t r o - 9 - p h e n y l - t h io x a n h y d r o l  (XIV, R=R'=H)
To a r e f l u x i n g  s o l u t i o n  o f  2 - c h l o r o - 5 - n i t r o -
benzophenone (1 .3 1  g. ) and th io p h e n o l  ( 0 .5 5  g . ) in  
e th a n o l  (17 m l . )  and w ater  (5 m l . )  a h o t  s o l u t i o n
] / ' . A
o f  sodium h y d ro x id e  ( 0 .2 7  g. •) in  w a ter  (5 m l .)  and 
e th a n o l  (5 m l . )  was s lo w ly  added, fo l lo w e d  by
e th a n o l  (10 m l . ) .  The m ixture  was h e a ted  fo r  1 h r .
on th e  s tea m -b a th  and a l lo w ed  to c o o l .  The aqueous  
e th a n o l  was d ecan ted  from the o i l  which formed on 
th e  bottom  o f  the f l a s k ,  the  o i l  was washed by 
d e c a n ta t io n  w ith  e th a n o l  and d i s s o l v e d  in  e t h e r .
The e t h e r e a l  s o l u t i o n  was washed w ith  w ater and 
d r ie d  (BT^SO^). E v a p o ra tio n  o f  the  e th e r  l e f t  an
amber o i l  which was d i s s o l v e d  i n  su lp h u r ic  a c id
(cl 1 .8 4 ;  5 m l . ) .  A f t e r  12 h r .  a t  18°  the  deep
red  s o l u t i o n  was drowned in  i c e - w a t e r ;  the  
p r e c i p i t a t e  was f i l t e r e d  o f f  and washed w ith  w a te r ,  
aqueous sodium ca rb o n ate  and w a te r .  The s o l i d  
( 1 .2 4  g * ; 74#; m .p . 144- 1 4 7 0 ) was d r ie d  over  KOH
in  v a c u o .
A f t e r  two re c r y s t a l l i z a t i o n s  ( c h a r c o a l )  from a 
m ix tu re  o f  benzene and l i g h t  p etro leum  (1 :3  v / v ) , 
p a l e - y e l lo w  prism s m .p. 1 5 5 ° o f  2~ n i t r o - 9-p h e n y l-  
th io x a n th y d r o l  (XIV, S.=R'=H) were o b ta in e d  (Round: 
a ,  6 8 .2 7 ;  H, 4 .0 8 .  O^H^NOjS r e q u ir e s  0 ,  6 8 .0 6 ;  
H, 3 .9 1 # ) .
2 -R itr o - th io x a n th o n e  A n il  (XVI, R=R'=H)
A w a te r -c o o le d  s o l u t i o n  o f  2 - n i t r o -9 -p h e n y l -  
th io x a n th y d r o l  (XIV, R=R'=H; 0 .5 0  g. ) i n  s u lp h u r ic
a c id  (cl 1 . 8 4 ; 1*0 m l . ) ,  was t r e a t e d  w ith  sodium
a z id e  ( 0 .5 0  g . ) .  The m ix tu re  was s t i r r e d  o c c a s i o n a l l y ,  
a llo w ed  to stan d  (12 h r . )  and poured onto i c e .  The 
green  s o l i d  was c o l l e c t e d ,  washed w ith  w a te r ,  d i l u t e  
sodium carb on ate  s o l u t i o n ,  and w a te r ,  and d r ie d  over  
K0EF in  v a c u o . The dry powder (0 .5 3  g * ; m .p. 106°  
a f t e r  se v e r e  p r e - s o f t e n in g )  , which was. red d ish -b row n  
i n  c o lo u r ,  was e x tr a c t e d  w ith  a b o i l i n g  m ix tu re  o f  
benzene and l i g h t  petro leum  (1 : 4  v / v )  and the h o t  
e x t r a c t  was f i l t e r e d  through a c h a r co a l  pad. 
C o n ce n tr a t io n  o f  the green  f i l t r a t e  a f fo r d e d  c r y s t a l s  
m .p . 1 1 2 -1 2 0 °  ( 0 .4 2  g . ; 78#) o f  the  azide^XV, R=R'=H).
The a z id e  ( 0 .4 2  g . ) and d e c a l i n  ( d i s t i l l e d  from 
sodium; 1*0 m l . )  were r e f lu x e d  fo r  7 m in. under a 
tube o f  C aC ^. The y e l lo w  c r y s t a l s  m .p . 199°
( 0 .3 3 3  g * ; 86#) were c o l l e c t e d ,  washed thorough ly
w ith  l i g h t  p e tro leu m  and d r ie d  in  a cu rren t o f  a i r .  
2 - K itr o - th io x a n th o n e  a n i l  (XVI, R=R'=H) m .p. 203-20 5°  
(Round: G, 6 8 .7 5 ;  H, 3*46; N, 8 .7 5 .  Gi 9Hi 2 K2C2S 
r e q u ir e s  0 ,  6 8 .6 7 ;  H, 3 .6 4 ;  U, 8 .4 3 # )  was o b ta in ed
1 4 6
by two re c r y s t a l l i z a t i o n s  from benzene and one from 
m eth an o l.
The s t r u c t u r e  o f  the a n i l  was confirm ed by 
h y d r o l y s i s .  The a n i l  (0 .0 5 0  g. ) was d i s s o l v e d  in  
a m ix tu re  (5 -4  ml*) o f  a c e t i c  a c id  and 5K -h y d ro c h lo r ic  
a c id  ( 2 :1  v / v )  and the  o r a n g e -r ed  s o l u t i o n  was 
a l lo w e d  to  s ta n d  (12 h r . )  a t  1 8 ° .  The l i g h t -  
brown n e e d le s  m .p. 224- 225° (0 .0 3 9  g; 100$) were 
c o l l e c t e d  and d r ie d  over  KOH in  v a c u o . The m ixture
on
w ith  2 - n i t r o - t h io x a n t h o n e  (XVII, R=H) o f  m.p.
226—227° m e lte d  a t  225- 227°; the in f r a r e d  a b so r p t io n  
s p e c tr a  (n u jo l )  o f  the two sam ples were i d e n t i c a l .
The o v e r a l l  y i e l d  o f  2 - n i t r o - t h io x a n t h o n e  a n i l  
from 2—n i t r o - 9- p h e n y l - th io x a n th y d r o l  was 67$  o f  th e o ry .
5 :5 '‘-D in i tr o -2 -p h e n y l th io b e n z o p h e n o n e  (X II ,  R=H, R'=j\t0 2 ) 
A su sp e n s io n  o f  2- c h l o r o - 5 :3  '-d in itrob en zop h en on e.  
(1*0 g . ) i n  e th a n o l  (5 m l . )  and w ater  ( 2-J- m l .)  
was h e a te d  on the s te a m -b a th  and a s o l u t i o n  o f  t h i o -  
phenol ( 0 .5 0  g . ) and sodium h yd rox id e  (0 .2 5  g*) in  
e th a n o l  ( 3 i  m l . )  and w a te r  (2 m l . )  was added in  
p o r t io n s  every  5 m in. over  a t o t a l  p e r io d  o f  65 min. 
Between a d d i t io n s  th e  su sp e n s io n  was a l t e r n a t e l y
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h ea ted  to the Id.p. and s t i r r e d  v ig o r o u s ly  w ith  a 
g l a s s  rod . A l te r n a te  h e a t in g  a.nd s t i r r i n g  were 
con tin u ed  fo r  15 min. a f t e r  the a d d i t io n  was 
co m p le te ,  and th e  m ix tu re  was s e t  a s id e  fo r  s e v e r a l  
h o u rs . The y e l lo w  s o l i d  (1 .1 7  g * ; 94$) o f  m.p*
120- 1 2 5 ° was c o l l e c t e d ,  washed w ith  a m ixture  o f  
e th a n o l  and w a ter  (1 :1  v /v )  and d r ie d  over  K'OH 
i n  v a c u o . B e a u t i f u l  p a le - y e l lo w  n e e d le s  m.p.
125—124° o f  5 :5  ' - d i n i t r o - 2- p h en ylth iobenzoph en one  
(X II ,  R=Hr, R'sFOg) w efe  o b ta in e d  by r e c r y s t a l l i z a t i o n  
from e th a n o l  (Bound: 0 ,  6 0 .2 3 ;  H, 3 .39*
^19^12^2^5^ r e q u ir e s  C, 6 0 .0 0 ;  H, 3 .1 8 $ ) .
2 - F i t r o - t h io x a n t h o n e - m - n i t r o a n i l  (XVI, R=H, R '^ K ^ ) and 
2 - F l t r o - l l - m - n i t r o p h e n y ld ib e n z o  [b., f  ]—l : 4 - t h i a z e p i n e  
(X V III, R=H, E'=F02 )
To th e  d e e p -r e d ,  i c e - c o o l e d  s o l u t i o n  o f  5 : 3 ' -  
d in itr o -2 -p h e n y lth io b e n z o p h e n o n e  (X I I ,  R=H, R '^ K ^ ;
0 .5 0  g . ) i n  s u lp h u r ic  a c id  (d 1 .8 4 ;  2 .0  m l . ) ,
sodium a z id e  ( 0 .5 0  g . ) was added, the  su sp e n s io n  was 
s t i r r e d  o c c a s i o n a l l y  and then a l lo w e d  to  sta n d  (12 h r . ) .  
The m ix tu re  was poured onto i c e ,  the p r e c i p i t a t e  was 
c o l l e c t e d ,  washed w ith  w a te r ,  d i l u t e  sodium carbonate
s o l u t i o n ,  and w a t e r ,  and d r i e d  over  KOH i n  v a c u o .
The r ed d ish -b row n  powder ( 0 .5 3  g* ) was e x t r a c t e d  w i th  
b o i l i n g  b e n z e n e ,  and th e  e x t r a c t  was h e a ted  w ith  
cha rco a l  and f i l t e r e d .  The f i l t r a t e  was c o n c en tr a ted  
and d i l u t e d  w ith  l i g h t  pe tro leum . The a z id e  (XV, R=H, 
R=F0 2 ) was induced to  c r y s t a l l i z e  by s c r a t c h i n g  the  
w a l l  o f  th e  t e s t - t u b e  w ith  a g l a s s  rod .  The g r e e n i s h -  
y e l l o w  m a t e r i a l  (0 . 4 0  g. ; 75$)  m e l te d  a t  145- 147 0 w i th
much gas  e v o l u t i o n .
The a z id e  ( 0 .4 0  g. ) and d e c a l i n  ( d i s t i l l e d  from 
sodium; 5 m l . )  were h e a te d  under r e f l u x .  The volume 
o f  n i t r o g e n  e v o lv e d  was measured as  d e s c r i b e d  i n  the  
account  o f  the thermal d e c o m p o s i t io n  o f  9- a z i d o - 9-  
ph en y lx an th en  ( I X ) , and was q u a n t i t a t i v e  a f t e r  7 min.  
a t  th e  b . p .  The c o o l i n g  s o l u t i o n  d e p o s i t e d  a b la c k  
o i l  which s o l i d i f i e d  a f t e r  f u r t h e r  c o o l i n g .  The 
s o l i d  was broken up ,  c o l l e c t e d  and washed w ith  l i g h t  
petro leu m .  The brown powder o b t a in e d  was d i s s o l v e d  
i n  benzene (50 m l . )  and the h o t  s o l u t i o n  was f i l t e r e d  
through a ch arcoa l  pad. The red f i l t r a t e  was 
c o n c e n tr a t e d  to  a volume o f  25 ml. and a l lo w ed  to  
c r y s t a l l i z e .  Y e l low  n e e d l e s  m.p.  257-258°  ( 0 .1 7 6  g . ; 
47$) were o b t a in e d .  The f i l t r a t e  was c o n c e n tr a te d
149
and seed ed  w i th  a c r y s t a l  from the  f i r s t  crop .
The h e a v i l y - d i s c o l o u r e d  second crop was f i l t e r e d  
o f f ,  and the f i l t r a t e  was chromatographed on 
n e u t r a l  alumina w ith  an e lu a n t  o f  benzene .  The 
y e l l o w  band which p a sse d  f i r s t  through th e  column 
was c o l l e c t e d .  The green e l u a t e  was c o n c e n tr a te d  
and d i l u t e d  w ith  l i g h t  petro leum ; c r y s t a l l i z a t i o n  
p roceeded  very s l o w l y .  P a l e - y e l l o w  c r y s t a l s  
( 0 . 0 1 3  g . f  3.5^3 o f  m.p.  247-243°  were o b ta in e d  
a f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s  o f  th e  product  by: 
d i l u t i o n  o f  i t s  s o l u t i o n  i n  e t h y l  a c e t a t e  with  
e t h a n o l .  The m ix tu re  w i th  2 - n i t r o - l l - m —n i t r o p h e n y l -  
d i b e n z o [ b , f ] - l : 4 - t h i a z e p i n e  ( X Y I I I R = H ,  E=lTOp) 
o f  i d e n t i c a l  m.p.  m e l te d  a t  the  same tem p erature .
The i n f r a r e d  a b s o r p t io n  spectrum (KOI d i s c )  w ith  
bands: a t  1603 (m) , 1530 (w) , 152? ( s )  , 1452 (m) ,
1434 (w ) ,  1344 ( s ) ,  1310 (m),  1254 (m) , 1087 (w) ,
1063 ( w ) , 1000 ( w ) , 907 ( w ) , 894 ( w ) , 860 ( w ) ,
830 (w ) ,  781. ( s ) ,  768 (w ) ,  754 (m) , 742 (m) , 730 (w) , 
703 Cm) , and 681 cm.~^ (m) , was i d e n t i c a l  w i t h  t h a t  
o f  the t h i a z e p i n e  (XYIII ,; R=H, B/^FOg}*
A m ix ture  o f  the t h i a z e p in e  (XYIII ,  R=H, R^hC^)
--L j  u
w ith  t h e  more s t r o n g l y - c o l o u r e d  c r y s t a l s  o f  m.p.  
2 5 7 - 2 5 8 ° ,  which were i s o l a t e d  b e fo r e  chromatography,  
m e lte d  a t  2 2 1 - 2 2 9 ° .  The h i g h e r - m e l t i n g  m a t e r ia l  was 
t w ic e  r e c r y s t a l l i z e d  from benzene .  The b r i g h t - y e l l o w  
n e e d l e s  (Found: G, 6 0 .5 4 ;  H, 2 .8 9 ;  F ,  11 .34*
^19^11^3^4^ r e Q.u i r e s  C, 6 0 .4 8 ;  H, 2 .9 4 ;  K, 1 1 .1 4 $ )  
m e lte d  a t  25 8 -2 5 9 °  and had i n f r a r e d  l i g h t  a b s o r p t io n  
maxima (KOI d i s c )  as  f o l l o w s :  1603 ( s ) , 1577 (m ),
1517 ( s ) ,  1460 (m),  1434 (m ) , 1413 ( w ) , 1342 ( s ) ,
1302 (m )* 1256 (m )* 1154 (m ) , 1135 ( w ) , 1124 ( w ) ,
1107 (w ) ,  1071 (m), 1042 ( w ) , 984 ( w ) , 912 ( w ) , 895 ( w ) ,
859 (w ) ,  816 (m), 808 (m ) , 777 ( w ) , 766 (w) , 754 ( w ) ,
747 (m ) , 737 ( s ) * 706 ( w ) , and 687 cm*” 1 ( w ) .
- 1Between 1600 and 1250 cm* t h i s  spectrum c l o s e l y  
r e se m b le s  t h a t  o f  th e  t h i a z e p i n e  (XVIII ,  R=H, R'^TOg) 
b u t  a t  lo w e r  f r e q u e n c i e s  the  s p e c t r a  a r e  q u i t e  d i f f e r e n t .
The base  C-^H-^N^O^S o f  m.p.  258-259°  was 
t h e r e f o r e  d i s t i n c t  from 2 - n i t r o - l l - m —n i t r o p h e n y l -  
dibenzo  [ b , f ] - l : 4 - t h i a z e p i n e  and was a s s i g n e d  the  
s t r u c t u r e  o f  2 - n i t r o - t h i o x a n t h o n e  m-n i t r o a n i l  (XVI,
R=H, R'sRX^)* T h is  s t r u c t u r e  was confirmed by 
h y d r o l y s i s .
The a n i l  ( 0 . 0 5 0  g . ) , a c e t i c  a c i d  (4 m l . )  and
5N-hydrochloric acid (2 ml.) were h e a ted  on the  
s team -bath  for 30 min. Solution was at no time 
c o m p le te ,  but the yellow n e e d l e s  were seen to be 
g r a d u a l ly  r e p la c e d  by c o l o u r l e s s  n e e d l e s .  A f te r  
s t a n d in g  (12 h r . )  the  c r y s t a l s  we t e  c o l l e c t e d  and 
d r ie d  a t  150°  over  KOH i n  v a c u o . The o f f - w h i t e  
pro du ct  (0 .0 3 1  g . ; 91$) p o s s e s s e d  m.p. 2 2 3 - 2 2 5 ° ,
r a i s e d  2° by admixture w i t h  2 - n i t r o - t h i o x a n t h o n e  
(XVII,  K=H)20 o f  m.p. 2 2 6 - 2 2 7 ° .  The i n f r a r e d  
a b s o r p t io n  spectrum ( n u j o l )  was i d e n t i c a l  w ith  t h a t  
o f  2 - n i t r o - t h i o x a n t h o n e .
Thioxanthone
This  su b s ta n c e  was made a c co r d in g  to the d i r e c t i o n s
21o f  G-omberg and B r i t t o n  
9 - P h e n y l - t h io x a n t h y d r o 1 (V III )
The r a t h e r  g en era l  i n s t r u c t i o n s  o f  Gromberg and 
Gone^ were i n t e r p r e t e d  as  f o l l o w s .
Thioxanthone (10 g . )  was added i n  p o r t i o n s  over 
40 min. to a s t i r r e d  s o l u t i o n  o f  phenylmagnesium bromide 
i n  e t h e r  (75 ml.) prepared  from bromobenzene ( 1 0 .3  ml.) 
and magnesium turnings ( 2 . 3  g.). The mixture was
h e a ted  under r e f l u x  f o r  2 hr .  and s e t  a s i d e  (12 h r . ) .  
The p r e p a r a t io n  was poured onto i c e - w a t e r ;  s u f f i c i e n t  
5 N ~h ydroch lor ic  a c id  ( t h e o r y  r e q u i r e s  _ca. 20 m l . )  
was added to  d i s s o l v e  the  p r e c ip i ta te d 'm a g n e s iu m  
h y d r o x id e .  The two p h ases  were e q u i l i b r a t e d  i n  a 
s e p a r a t i n g  f u n n e l ,  and the  aqueous l a y e r  was drawn o f f ,  
n e u t r a l i z e d  by a d d i t i o n  o f  d i l u t e  aqueous ammonia, 
and r e t u r n e d  to the  s e p a r a t in g  f u n n e l .  A f t e r  r e ­
e q u i l i b r a t i o n ,  the e t h e r e a l  l a y e r  was washed w i t h  
d i l u t e  sodium carbonate  s o l u t i o n  and w ater .  The 
e t h e r  was e v a p o r a te d ,  e x c e s s  bromobenzene was 
removed by s t e a m - d i s f i l i a t i o n ,  and th e  i n v o l a t i l e  
f r a c t i o n  was d i s s o l v e d  i n  benzene .  The benzene  
s o l u t i o n  was d r i e d  (K^OO^) , c o n c e n t r a t e d ,  h e a te d  w i th  
ch arcoa l  (2 g . ) ,  f i l t e r e d  and d i l u t e d  w ith  l i g h t  
petro leu m .  9 - P h e n y l - t h i o x a n t h y d r o l  (V III ;  1 1 . 1  g . ; 
81$) m.p.  1 0 3 -1 0 6 °  was o b ta in ed  by r e c r y s t a l l i z a t i o n  
o f  the produ ct  from b e n z e n e / l i g h t  pe tro leum .
Thioxanthone A n i l  (XXXI) and 11 - Phen.yldibenzo [b , f  j -  
1 ; 4 —t h i a z e p i n e  (XXX)
Sodium a z id e  ( 4 . 0  g . ) was added w ith  s t i r r i n g  
to an i c e - c o o l e d  s o l u t i o n  o f  9 - p h e n y l - t h i o x a n t h y d r o l
(V III ;  4 .0 0  g . ) i n  su lp h u r ic  a c id  (d 1 . 8 4 ;  10 m l , ) .
A f t e r  12 h r .  a t  18° the  s u s p e n s io n  was poured 
onto crushed i c e ,  and the m ix ture  was e x t r a c t e d  with  
ben zen e .  The benzene e x t r a c t  was washed w ith  water  
and d i l u t e  aqueous sodium c a rb o n ate ,  and d r ie d  
(KgCO  ^ f o l l o w e d  by E a ) • The benzene was evaporated  
a t  100°  i n  vacuo l e a v i n g  a r e s i d u e  ( 4 .1 3  g . )  o f  dark-  
r e d ,  v i s c o u s  o i l ,  which did  not  c r y s t a l l i z e  when 
s c r a t c h e d  p e r s i s t e n t l y  w i th  a g l a s s  rod .  The o i l  
was d i s s o l v e d  i n  d e c a l i n  ( d i s t i l l e d  from sodium;
8 .ml.) and the s o l u t i o n  was h e a ted  under r e f l u x .
The e v o lv e d  n i t r o g e n  was measured as d e s c r ib e d  i n  the  
account  o f  the  thermal d e c o m p o s i t io n  o f  9 - a z i d o - 9 -  
phen y lxanth en  ( I X ) ,  and was n e a r ly  (95$* c a l c u l a t e d  
on th e  w e ig h t  o f  V I I I  used )  q u a n t i t a t i v e  a f t e r  7 min.  
a t  th e  b . p . ,  when h e a t i n g  was s top ped .  The co ld  
s o l u t i o n  was s c r a t c h e d  w ith  a s p a t u l a .  The c r y s t a l s  
which appeared were c o l l e c t e d ,  washed with,  l i g h t  
petro leum  (15 m l . )  and r e c r y s t a l l i z e d  t w i c e  from 
e th a n o l  (70 m l . ) .  The dark-brown n e e d l e s  m.p. 14 7 -1 5 0 °  
(1*81 g . ; 45*6$)  were c o l l e c t e d ,  the  e th a n o l  was
evaporated  from the f i l t r a t e s  and the r e s i d u e  was
re tu r n e d  to the  d e c a l i n  s o l u t i o n .  The l i t t e r  was 
combined w i th  th e  l i g h t  petroleum  used  as a washing  
f l u i d ,  and p r e s e r v e d .
The n e e d l e s  were r e c r y s t a l l i z e d  ( c h a r c o a l )  from 
b e n z e n e ,  and a benzene s o l u t i o n  o f  th e  product  was 
chromatographed on n e u t r a l  alumina w ith  th e  same 
s o l v e n t  as  e l u a n t .  The orange e l u a t e  was c o n c e n tr a te d  
and d i l u t e d  w i th  l i g h t  pe tro leu m .  R e c r y s t a l l i z a t i o n  
o f  the  p r e c i p i t a t e d  s o l i d  from e th a n o l  a f f o r d e d  
g o l d e n - y e l l o w  n e e d l e s  m .p .  153° (Found; G, 7 9 .4 7 ;
K, 4 . 9 4 ;  N , 4 . 9 8 .  C19H15ES r e q u i r e s  G, 7 9 .4 3 ;
H? 4 .5 6 ;  E, 4 .8 8 $ )  which were proved to  c o n s i s t  
o f  th io x a n th o n e  a n i l  (XXXI) by th e  f o l l o w i n g  h y d r o l y s i s .
The a n i l  (0 .0 2 5  g . )  was d i s s o l v e d  i n  a m ixture  
(1 m l . )  o f  5 E -h y d r o c h lo r ic  a c id  and a c e t i c  a c id  
( 1 : 2  v / v ) .  A f t e r  1 - 2  h r .  a t  18° no c r y s t a l s  were 
v i s i b l e ,  so the s o l u t i o n  was h e a ted  on the  s team -bath  
f o r  30 min. The p r e c i p i t a t e  o f  w h ite  n e e d l e s  was 
c o l l e c t e d  and d r ie d  over KOH i n  v a c u o . The product
(0 .0 1 6  g . ; 8 6 . 5 $ ) ,  and a m ix ture  o f  the  product  w i th
2X oa u t h e n t i c  th io x a n th o n e ,  both  m el te d  a t  2 1 3 -2 1 4 ° .
The i n f r a r e d  a b s o r p t io n  spectrum ( n u j o l )  o f  the
m a t e r i a l  was i d e n t i c a l  w i th  t h a t  o f  th io x a n th o n e .
Tlie d e c a l  i n / l i g h t  pe tro leum  s o l u t i o n  was e x t r a c t  
f i v e  t im es  w i th  5 h - h y d r o c h lo r i c  a c id  ( t o t a l  volumes 
c a . 100 m l . ) ,  and t h e  combined a c id  e x t r a c t s  were 
h e a t e d  on th e  s team -bath  fo r  1 h r .  The c o ld  
hydrolfysate was f i l t e r e d  through a c h a r c o a l  pad, the  
dry  w e ig h t  o f  which was th e r e b y  i n c r e a s e d  by 0 .7 4 2  g.  
( c o r r e sp o n d in g  to 1 .0 1  g . , or 2 5 -4 ^ ,  o f  th iox a n th o n e  
a n i l ) .  The c l e a r *  red  f i l t r a t e  was evaporated  to 
d r y n e ss  a t  100°  i n  v a c u o . D i l u t e  sodium carbonate  
s o l u t i o n  was added and t h e  r e s i d u e  was e x t r a c t e d  w i th  
b en zen e .  The benzene s o l u t i o n  was d r i e d  (K^GO-) , 
c o n c e n tr a t e d  and chromatographed on alumina w ith  an 
e l u a n t  o f  b e n z e n e .  The y e l l o w  band was c o l l e c t e d .  
The g r e e n i s h - y e l l o w  e l u a t e  was e v a p ora ted  to dryness  
and the  r e s i d u a l  c l e a r  o i l  was rubbed under m ethanol .  
The p a l e - y e l l o w  c r y s t a l s  m.p.  1 1 6 -1 1 7 °  ( 0 .5 1 8  g . ;
13$) o f  1 1 - p h en y ld ibenzo  [b »f  3 - i . :4~ t h i a z e p i n e  (XXX) 
were r e c r y s t a l l i z e d  from methanol (Pound: .0 ,  7 9 .6 8 ;
H, 4 .4 4 ;  h ,  5 . 0 2 .  G2.3E13ES r e QLu i r e B  G> 7 9 .4 3 ;
H,, 4 . 5 6 ;  II, 4 . 8 8 $ ) .  The m ixture  w i th  th io xa n th on e
a n i l  foundered  a t  106-108?:. The s t r u c t u r e  o f  the  
b ase  was proved  by i t s  d e s u l p h u r i z a t i o n  to 9 - p h e n y l -  
p h e n a n t h r id in e  ( I I I ,  R=Ph; v id e  i n f r a ) . The base
did not form a picrate from benzene or. methanol.
The D e s u lp h u r i z a t i o n  o f  1 1 - P h e n y ld ib e n z [b , f ]- 1 : 4 -  
t h l a z e p i n e  (XXX)
1 1 - P h e n y l d i b e n z o [ b , f ] - l : 4 - t h i a z e p i n e  (0 .1 5 0  g . ) ,  
copper bronze ( 0 .1 5  g . )  and d i e t h y l  p h t h a l a t e  ( 1 . 0  m l . )  
were r e f l u x e d  under n i t r o g e n  f o r  65 min. The r e a c t i o n  
m ix tu r e  was d i l u t e d  with, b en zen e ,  warmed on the  steam-  
bath  and f i l t e r e d  through a c h a r c o a l  pad. A s o l u t i o n  
o f  p i c r i c  a c id  ( 0 .1 5  g. ) i n  h o t  benzene was added to 
th e  f i l t r a t e .  The y e l l o w  n e e d l e s  which sep ar a ted  
were c o l l e c t e d ,  washed with benzene and d r ie d  i n  a 
c u r r e n t  o f  a i r .  The p i c r a t e  (0.237- g . ; 93• 6$)
m e l t e d  a t  2 50-252°  a f t e r  i n s e r t i o n  i n  a h o t -b ^ ock  
pre—h e a t e d  to 240° (Arcus and Coombs record  m.p. 251° 
f o r  t h e  p i c r a t e  o f  9—p h e n y l p h e n a n t h r i d i n e ) . The 
p i c r a t e  was d i v id e d  between d i l u t e  aqueous sodium 
carbonate  and b e n z e n e .  The benzene l a y e r  was d r ied  
(KgCO^) and the benzene was removed a t  100°  i n  vacuo . 
The l a s t  t r a c e s  o f  benzene were e l im in a t e d  by s e v e r a l  
e v a p o r a t i o n s  w i th  l i g h t  pe tro leum . The r e s i d u a l  p a l e -  
y e l l o w  o i l  was c r y s t a l l i z e d  from m ethanol .  White
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c r y s t a l s  m .p .  1 0 4 -10 5 °  (Pound: C, 8 9 . 1 0 ; '  H, 5 .0 5 ;
N, 5 . 5 8 .  C a lc u la t e d  f o r  0-^H-^H: 0 ,  8 9 .5 8 ;  H, 5 .1 5 ;
N, 5 .4 9 $ )  were o b ta in ed  by re  c r y s t a l l i z a t i o n  from 
e t h a n o l .  The m a t e r i a l  d id  not  d e p r e s s  the m.p.
( 1 0 4 -1 0 5 ° ;  l i t e r a t u r e  10 6 ° )  o f  9 - p h e n y lp h e n a n th r id in e
17( I I I ,  H=Ph) made by the  method o f  Morgan and Walls
The i n f r a r e d  a b s o r p t io n  spectrum (KOI d i s c )  was i d e n t i c a l
w ith  t h a t  o f  9 -p h e n y lp h e n a n t h r id in e .
Hot©: The y i e l d  o f  9 -p h e n y lp h e n a n th r id in e  ( i s o l a t e d
from th e  m ix ture  w ith  s t a r t i n g - m a t e r i a l  by 
f r a c t i o n a l  c r y s t a l l i z a t i o n )  was 53$ a f t e r  a 
r e a c t i o n  t ime o f  o n ly  7 . m i n . r and an 80$  
y i e l d  o f  9 -p h e n y lp h e n a n th r id in e  p i c r a t e  was 
o b t a i n e d  a f t e r  a r e a c t i o n  time o f  20 min.
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Genera!
The work o f  S c o t t 1 and o f  Dimroth and Lenke2 
on 4 J 5 - b e n z o t h i e p i n - 2 :7 - d i c a r b o x y l i c  a c id  ( I I ,  R=OE) 
was m entioned (p .  36) i n  th e  i n t r o d u c t i o n  to the  
f i r s t  c h a p te r  o f  t h i s  t h e s i s .  The t h i e p i n ,  which was 
made by th e  c o n d e n s a t io n  o f  d i e t h y l  t h i o d i a c e t a t e  
( I ,  R=OEt) w i th  o^-phthal a ld e h y d e , l o s t  i t s  su lphur  
atom a t  t h e  b o i l i n g - p o i n t  o f  e t h a n o l ,  w i th  the  
fo rm a t io n  o f  n a p h t h a ! e n e - 2 : 3 - d i e a r b o x y l i c  a c id  ( I I I ,  
H=GH).
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A p r e l im in a r y  exam in at ion  h av in g  shown t h a t  
2 : 3 - d ib e n z o y ln a p h t h a le n e  ( I I I ,  R=Ph) i s  produced by 
the  a l k a l i - c a t a l y s e d  i n t e r a c t i o n  o f  _o-phthalaldehyde  
and d ip h e n a c y l  s u l p h id e  ( I ,  R=Ph), the  q u a n t i t a t i v e  
a s p e c t  o f  t h i s  r e a c t i o n  was i n v e s t i g a t e d .  S a t i s f a c t o r y  
y i e l d s .  (55$)  o f  2 :3 -d ib e n z o y ln a p h t h a le n e  were o b ta in ed  
when a s o l u t i o n  o f  o -p h t h a la ld e h y d e  and d ip h e n a c y l  
s u l p h id e  i n  a m ix ture  o f  methanol and dioxan was 
t r e a t e d ,  a t  room tem p er a tu r e ,  w i th  a l i t t l e  sodium 
h y d r o x id e .  A moderate, y i e l d  (32$)  was o b ta in e d  when 
the r e a c t i o n  was c a r r i e d  out  i n  a medium o f  b o i l i n g  
e th a n o l  w i t h  potass ium  carbonate  as  the cond en s in g  ag en t .  
The in t e r m e d ia t e  t h i e p i n  ( I I ,  R=Ph) was not  d e t e c t e d .
The recent report by Ried and Bod era ^ of a 
r e l a t i v e l y  convenient route to n a p h t h a l e n e - 2 :3- 
d ia ld e h y d e  ( I I I ,  E=H) prompted an investigation of 
i t s  b eh a v io u r  w i th  d ip h e n a c y l  s u lp h id e  under the  
same c o n d i t i o n s .  A 64$> y i e l d  o f  2 : 7 - d i b e n z o y l -  
n a p h th o [ 2 ' : 3 ' - 4 : 5 ] t h i e p i n  (IV, R=Ph) was o b t a in e d .
T h i s ' m a t e r i a l  was q u i t e  s t a b l e  a t  1 0 0 ° ,  but was 
r e a d i l y  c o n v e r t i b l e  to  2 : 3 - d ib e n z o y la n t h r a c e n e  (V,
R«Ph) and e lem en tary  su lphur  a t  tem p eratures  above  
1 8 0 ° .  The l : 4 - d i k e t o n e  (V, R=Ph), h e a ted  w ith  
h y d ra z in e  hy d ra te  i n  a c e t i c  a c i d , formed the  p y r id a z in e  
(V I ) .
c o x £ t  
S
s Coz Et
A s tu dy  was th e n  made o f  the  co n d e n sa t io n  o f  
n a p h t h a l e n e - 2 : 3 - d ia ld e h y d e  w i t h  d i e t h y l  t h i o d i a c e t a t e  
by th e  agency o f  sodium e t h o x i d e , i n  th e  hope o f  
making the  b en z o -a n a lo g u e  (IV, R=0H) o f  S c o t t ’ s a c id
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( I I ,  R=OH). A f i r s t  experim ent a f fo r d e d  small  
q u a n t i t i e s  o f  both  the  d i e t h y l  e s t e r  (IV, R-OEt) 
and the monoethyl  e s t e r  ( V I I ) o f  naphthoL2 ' ; 3 ' - 4 : 5 ]  
t h i e p i n - 2 : 7 ~ d i c a r b o x y l i c  ac id  (IV, R=0H). The 
m o n o -e s te r  (VII)  e l i m in a t e d  sulphur a t  tem peratures  
o f  above 1 8 0 ° ,  w i th  fo rm a t io n  o f  t h e  anhydride o f  
a n t h r a c e n e - 2 : 3 - d i c a r b o x y l i c  a c id  (V, R-OH). The 
anhydride  sublimed w ith o u t  m e l t i n g  as  r e p o r t e d  by 
Pairbourne  and p o s s e s s e d  i n f r a r e d  l i g h t  a b s o r p t io n  
bands a t  f r e q u e n c i e s  t y p i c a l  o f  the  f u n c t i o n a l  group.
Both the  d i e t h y l  e s t e r  and the monoethyl  e s t e r  
o f  n a p h th o [ 2 ' : 3 ' - 4 : 5 ] t h i e p i n - 2 : 7 ~ d i c a r b o x y l i c  a c id  
d i s p l a y e d  c u r io u s  c o lo u r  changes .  The b ehav iou r  
o f  th e  d i e t h y l  e s t e r  (IV, R=0Et) was p a r t i c u l a r l y  
p u z z l i n g .  Prom i t s  y e l l o w  s o l u t i o n  i n  l i g h t  
petro leum  t h i s  compound formed s c a r l e t  n e e d l e s  
(m icro -m .p .  1 03°)  w h ich ,  on s t a n d in g  under the  
m o t h e r - l i q u o r , were s l o w l y  r e p la c e d  by y e l l o w  prisms  
(m icro -m .p .  1 0 0 ° ) .  When th e  y e l l o w  c r y s t a l s  were 
r e d i s s o l v e d  by warming, and t h e  s o l u t i o n  was a l low ed  
t© c o o l , ,  the  s c a r l e t  n e e d l e s  reappeared .  Under the  
m icr o sc o p e  the  c r y s t a l s  d id  not  appear to  m e l t  v ery  
s h a r p l y ,  and i n  consequence a mixed m icro- m .p *
d e t e r m in a t io n  of the y e l l o w  and red forms was 
i n c o n c l u s i v e .  The two forms did however have 
i d e n t i c a l  u l t r a v i o l e t  and i n f r a r e d  a b s o r p t io n  s p e c t r a ,  
so that, t h e i r  chem ica l  i d e n t i t y  i s  a lm o st  certain. 
U n f o r t u n a t e ly  i t  was n o t  p o s s i b l e  to  o b t a i n  sufficient 
o f  the  y e l l o w  form f o r  m i c r o a n a l y s i s .
C r y s t a l s  o f  an o r a n g e -y e l lo w  c o lo u r  were formed 
when a m e th a n o l i c  s o l u t i o n  o f  th e  monoethyl  e s t e r  (VII)  
was d i l u t e d  w i th  w ater .  These were c o n v e r te d  by 
h e a t i n g  a t  80°  to an a p p a r e n t ly  amorphous, deep-red  
© o l id ,  which c o n ta in e d  th e  p r o p o r t io n s  o f  carbon and 
hydrogen r e q u i r e d  f o r  the  mono- e s t e r .  The c o n s t i t u t i o n  
o f  the  red s o l i d  was co nf irm ed  by an e q u i v a l e n t - w e i g h t  
d e t e r m i n a t i o n .  The u l t r a v i o l e t  a b s o r p t io n  s p e c t r a  o f  
i t s  s o l u t i o n s  i n  e th a n o l  and i n  d i l u t e  a l k a l i  were very  
s i m i l a r  to  the  spectrum o f  an e t h a n o l i c  s o l u t i o n  o f  the  
d i e t h y l  e s t e r  (IV, ft = OEt)• I n s u f f i c i e n c y  o f  
m a t e r i a l  p r e v e n te d  exam in at ion  o f  the o r a n g e -y e l lo w  
c r y s t a l s .
The c o n f u s io n  caused  by t h e s e  c o lo u r  changes had 
led.  to th e  l o s s  o f  much m a t e r i a l  through d i v i s i o n  o f  
the  p r o d u cts  i n t o  many f r a c t i o n s .  The f a i l u r e  to
d i s c o v e r  naphtho [ 2 '  :3 ' - 4  s5] t h i e p i n - 2 :7 ~ d ica r b o x y l ic .  
a c id  i n  the  r e a c t i o n  products, t h e r e f o r e  did not .mean 
t h a t  the  f r e e  a c id  was a b s e n t .  S in ce  S c o t t ,  without 
making any d e l i b e r a t e  a t tem pt  to h y d r o ly s e  the products 
o f  the  c o n d e n s a t io n  o f  _o-phthalaldehyde and d i e t h y l  
t h i o d i a c e t a t e ,  had o b ta in ed  the  d i c a r b o x y l i c  a c id  
( I I , 'R = 0 H ) ,  i t  seemed on ly  r e a so n a b le  to  suppose t h a t  
the  d i c a r b o x y l i c  a c id  (IV, R=OH) was the  p r i n c i p a l  
produ ct  i n  th e  p r e s e n t  c a s e .  This  i s  th e  product  
which would be e x p e c ted  i f  i t  were assumed th a t  a f t e r  
each  a l d o l  c o n d e n s a t io n  a m o lec u le  o f  e th a n o l  i s  
e l i m i n a t e d  by l a c t o n e  f o r m a t io n ,  a s  i s  known to happen 
i n  the  Stobbe co n d e n sa t io n ^ .  Although the  i s o l a t i o n  
o f  th e  d i e t h y l  e s t e r  (IV, R=0Et) i s  e v id e n c e  t h a t  
d e h y d r a t io n  t a k e s  p la c e  to some e x t e n t ,  the  q u a n t i t y  
i s o l a t e d  was s c a r c e l y  s i g n i f i c a n t .
Dimroth and Lenke found i t  p r o f i t a b l e  to treat 
the  crude p r o d u cts  o f  the  c o n d e n s a t io n  o f  £ ~ p h t h a l -  
a ldehyd e  and d i e t h y l  t h i o d i a c e t a t e  w ith  diazome t h a n e , 
f o r  th e re b y  a 50$ y i e l d  o f  the e s t e r  ( I I ,  R = Olvle). was 
o b t a i n e d ,  as  compared w ith  the  34$ y i e l d  o f  f r e e  acid 
( I I ,  R=0H) o b t a in e d  by s t r a ig h t f o r w a r d  recrystallization. 
These a u th ors  found t h a t  t h e  e s t e r  was more stable than 
the  f r e e  a c i d .
When t h i s  e x p e d ie n t  was t r i e d  in the present ease, 
a 28$ .y ie ld  o f  th e  d im ethy l  e s t e r  (IV, R=0Me) was 
o b t a in e d .  The c r y s t a l s ,  which were orange ,  showed 
no ten d e n c y  to change c o lo u r .  At a temperature o f  
above 180°  the d im ethy l  e s t e r  (IV, R=0Me) a f f o r d e d  
dim ethy l  a n t h r a c e n e - 2 : 3 - d i c a r b o x y l a t e  (V, R=0Me) and 
e lem en ta ry  su lphur .  The s t r u c t u r e s  o f  the anthracene  
d e r i v a t i v e  and o f  i t s  s u l p h u r - c o n t a i n in g  p r e cu rso r  
were confirm ed by c o n v e r s io n  o f  the former through  
h y d r o l y s i s  and s u b l im a t io n  to a n t h r a c e n e - 2 :3 -  
d i c a r b o x y l i c  a c id  (V, R=0H) anhydr ide .  The u l t r a ­
v i o l e t  a b s o r p t io n  spectrum o f  d im eth y l  naphtho [2 ' :3  
4 : 5 I t h i e p i n - 2 : 7 - d i c a r b o x y l a t e  (IV, R = OMe) was 
alm ost  i d e n t i c a l  w ith  t h a t  o f  the d i e t h y l  analogue  
(IV, R = 0E t) •
I t  i s  f i t t i n g  t o  c l o s e  t h i s  c h a p t e r ,  the l a s t  
d e a l i n g  w i t h  su lphur  e x t r u s i o n ,  by p o i n t i n g  out  th a t  
the order  o f  ease  o f  d e s u l p h u r i z a t i o n  o f  the th ree  
known r i n g  sys tem s c o n t a i n i n g  a t h i e p i n  r i n g  i s  t h a t  
to  be e x p e c t e d  from thermochemical  c o n s i d e r a t i o n s .
I f  i t  i s  assumed t h a t  the f u s i o n  o f  a t h i e p i n  
r i n g  to  an arom atic  r i n g  system does  n o t  e l e v a t e  the  
r eson an ce  energy  o f  the l a t t e r  to  any e x t e n t ,  then  
4 : 5 - h e n z o t h i e p i n  ( T i l l ) ,  n a p h th o [ 2 ' : 3 ' —4 : 5 j t h i e p i n  
(IX) and d i b e n z o [ b , f ] t h i e p i n  (X) w i l l  have the resonanc  
e n e r g i e s  o f  benzene (36 Kg* c a l . ) ,  nap hth a len e  
(61 Kg. c a l . )  and two m o l e c u l e s  o f  benzene (72 Kg. c a l .  
r e s p e c t i v e l y .  S in ce  l o s s  o f  a su lphur  atom from 
t h e s e  th r e e  r i n g  sy s tem s  l e a d s  r e s p e c t i v e l y  to  
na p hth a len e  (re so n a n ce  e n erg y ,  61 Kg. c a l . ) ,  anthracene  
( reson ance  e n e rg y ,  84 Kg. c a l . )  and phenanthrene  
(re son an ce  en e rg y ,  92 Kg. c a l . ) ,  the  r e s p e c t i v e  g a in s  
o f  r e son an ce  en erg y  w i l l  be 25 Kg. c a l .  (70$) , 23 Kg. 
c a l .  (38$)  and 20 Kg. c a l .  ( 2 8 $ ) .  The p e r ce n ta g e  
g a in s  o f  reso n a n ce  energy  g iv en  i n  p a r e n t h e s e s
i n d i c a t e  the thermo chem ica l  d r i v in g  f o r c e  a v a i l a b l e  
i n  each i n s t a n c e .  The tem p eratures  r eq u ired  f o r  
the  d e s u l p h u r i z a t i o n  o f  r e p r e s e n t a t i v e s  o f  the  th r e e  
r i n g  sy s tem s  ( V I I I ,  IX and X) are o f  the  order  o f  
80%  180° and 300° ( i n  th e  l a t t e r  c a s e ,  w i th  copper  
p r e s e n t )  r e s p e c t i v e l y .  The a c t u a l  order  o f  e a se  
o f  d e s u l p h u r i z a t i o n  o f  the  t h r e e  r i n g  system s i s  
t h e r e f o r e  i n  f u l l  agreement w ith  the  order  p r e d i c t e d  
by th e  thermo chemical  argument.
EXPERIMENTAL
P le a s e  r e f e r  to the remarks on p.  78.
D iphenacy l  su lp h id e  ( I ,  R=Ph) was prepared by the  method
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o f  Promm and P la s c h e n  .
The C ondensat ion  o f  D iph en acy l  s u lp h id e  w i th  o - P h th a l -  
aldehyde
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An e x h a u s t iv e  e x a m in a t io n  o f  t h e  produ cts  o b ta in ed  
by the  trea tm en t  o f  a h o t ,  e t h a n o l i c  s o l u t i o n  o f  
d ip h e n a c y l  s u lp h id e  and £ - p h t h a la ld e h y d e  w i th  sodium 
h y d ro x id e  r e v e a l e d  2 : 3 - d ib en z o y ln a p h th a le n e  ( I I I ,  R=H), 
which formed cream -co lou red  pr ism s m.p.  143° (Pound:
C, 85*86; H, 4 . 8 2 .  ^24%6^2 re(lu i r e s  C, 8 5 .6 9 ;
H, 4*79$) from a c e t i c  a c i d .  The d i k e t o n e ,  h ea ted  
w i t h  h y d ra z in e  hydrate  i n  a c e t i c  a c i d ,  formed y e l l o w  
c r y s t a l s  m .p .  228° o f  1 : 4 - d ip h e n y f b e n z o [ g ]p h t h a l a z in e  
(Pound: G, 8 6 . 7 3 ;  II, 5 .0 3 ;  N, 8 . 5 5 .  °24H16N2
r e q u i r e s  G, 8 6 . 7 2 ;  H, 4 . 8 5 ;  N, 8 . 4 3 $ ) .
2 : 3 - D ib e n z o y ln a p h th a le n e  was more r e a d i l y  prepared  
by the  methods d e s c r i b e d  be low .  The f i r s t  method 
i s  in c lu d e d  becau se  o f  i t s  t h e o r e t i c a l  i n t e r e s t :  i t
was thought no tew orthy  t h a t  the b a s i c i t y  o f  potass ium  
carbonate  was s u f f i c i e n t  to  e f f e c t  c o n d e n s a t io n .  The 
second method i s  th e  more u s e f u l .
(i) Using potassium carbonate as condensing agent.
A s o l u t i o n  o f  po tass ium  carbonate  (0 .0 7 5  £ • )  i n 
w ater  ( 2 -3  m l . )  was added to  a b o i l i n g  s o l u t i o n  o f  
£ - p h t h a l a l d e h y d e  ( 0 .2 5  g . ) and d ip h e n a c y l  s u lp h id e  
(0*50 g . ) i n  e th a n o l  (10 m l . ) .  The whole was heated 
u n d e r " r e f lu x  f o r  30 m i n . , and the  e th a n o l  was removed 
a t  100°  i n  v a c u o . The r e s i d u e  was d i s s o l v e d  in  a 
m ix tu r e  o f  benzene and w a t e r ,  and the  aqueous layer 
was drawn o f f  i n  a s e p a r a t i n g  f u n n e l .  The benzene 
s o l u t i o n  was washed th r e e  t im e s  w i t h  w a t e r ,  to which  
it- l o s t  most  o f  i t s  deep -red  c o lo u r .  A f t e r  d r y in g  
(UagSQ^) the  benzene s o l u t i o n  was c o n c e n tr a t e d  and 
chromatographed on a column, o f  a lumina.  The y e l l o w  
band was c o l l e c t e d ,  the  benzene was removed from the 
e l u a t e  and the  r e s i d u e  was rubbed under m ethano l .  The 
p a l e - y e l l o w  c r y s t a l s  (0 .23 6  g . ) m .p .  1 2 7 - 1 4 4 i °  were 
c o l l e c t e d ,  and r e c r y s t a l l i z e d  from an a c e t i c  a c id  
s o l u t i o n  by d i l u t i o n  w ith  e t h a n o l .  The cream -co loured  
p r ism s ( 0 .2 0 3  g . ;  3 2 .4 $ )  o f  2 : 3 - d ib e n z o y ln a p h t h a le n e
m e l te d  a t  1 4 4 - 1 4 5 i ° .
(iLi) Using sodium hydroxide as condensing agent.
A sm al l  lump (0 .0 6 5  g . ) o f  sodium hydroxide  was 
added to  a s o l u t i o n  o f  _o~phthalaldehyde ( 0 .2 5  g . ) 
and d ip h e n a c y l  s u lp h id e  ( 0 . 5 0  g. ) i n  d iox a n  ( l  m l . )  and 
m ethanol  (1-J- m l . ) ,  a t  room tem p erature .  The m ixture  
was shaken f o r  1. h r .  The c o lo u r  o f  the  l i q u i d  
s t e a d i l y  deepened o v e r  the  f i r s t  5 -10  m i n . , and then  
i t  changed v e r y  r a p i d l y ,  w i th  e v o l u t i o n  o f  h e a t ,  to an 
a lm o st  opaque g ree n .  The p r e p a r a t io n  was poured i n t o  
w ater  and a l lo w e d  to stand f o r  s e v e r a l  days .  A 
s o l i d  was formed on the bottom o f  the  b e a k e r ,  b u t  
i t s  c o l l e c t i o n  was p rev en ted  by the  accompanying o i l y  
s u s p e n s io n .  A c i d i f i c a t i o n  w i t h  h y d r o c h l o r i c  a c id  
produced an e a s i ly - w o r k e d  s o l i d ,  which was c o l l e c t e d .
A drop o f  the  b a s i f i e d  f i l t r a t e  d id  not  t a r n i s h  a 
rs i l v e r r c o in .  A benzene s o l u t i o n  o f  the  s o l i d  was 
d r ie d  (Fa^SO^) and chromatographed on a column o f  
alum ina.  The y e l l o w  band was c o l l e c t e d  and the  
benzene was removed from the  e l u a t e .  The r e s i d u e  
was d i s s o l v e d  i n  l i g h t  petro leum  c o n t a i n i n g  the  
minimum q u a n t i t y  o f  b e n zen e ,  and c r y s t a l l i z a t i o n
was induced by s c r a t c h i n g  w ith  a g l a s s  rod .  The 
c re a m -c o lo u r ed ,  micro c r y s t a l  l i n e  powder (0.344- g.;
55$) o f  2 : 3 -d ib e n z o y ln a p h t h a le n e  m el te d  a t  1 4 3 - 1 4 5 ° .
N a p h th a len e -2  s 3 - d ia ld e h y d e  ( I I I ,  R=H) was made by 
t h e  method o f  Ried and Bodem^.
2 : 7 - D i b e n z o y l - n a p h t h o [ 2 ^ : 3 4 : 5  3 t h i e p i n  (IY , R=Ph)
A sm a l l  lump ( 0 .0 6 5  g * ) o f  sodium hy d ro x id e  was 
added to  a s o l u t i o n  o f  n a p h t h a l e n e - 2 : 3 - d ia ld e h y d e  
( 0 . 3 4  g . ) and d ip h e n a c y l  s u lp h id e  ( 0 .5 0  g . ) i n  d ioxan  
(4 m l . )  and m ethanol  (2 m l . ) ,  a t  room tem p erature .
The p r e p a r a t i o n  was shaken f o r  30 m i n . ; a f t e r  10 min.  
the  c o lo u r  o f  the l i q u i d  deepened r a p i d l y  and h e a t  
was e v o lv e d .  Sometimes a p r e c i p i t a t e  o f  y e l l o w  
c r y s t a l s  formed b e f o r e  sh ak in g  had c e a s e d ,  and a t  
o t h e r  t im e s  i t  o n ly  appeared on s t a n d in g .  A f t e r  
12 h r .  a t  18° the  s o l i d  ( 0 .6 3  g . ; m.p. 1 6 6 -1 6 8 ° )
^ a s  c o l l e c t e d ,  washed with  w a t e r ,  d i l u t e  h y d r o c h l o r ic  
a c i d ,  and w a te r ,  and d r ie d  i n  a c u rren t  o f  a i r .  
A d d i t io n  o f  th e  washing  f l u i d s  to the f i l t r a t e  
p r e c i p i t a t e d  a b u f f  m a t e r i a l  ( 0 . 1 8  g . ) which m elted
w ith  f r o t h i n g  when i n s e r t e d  i n  a h o t - b l o c k  a t  1 6 0 ° .
The benzene s o l u t i o n  of t h i s  m a t e r i a l  deposited a 
sm al l  number o f  c r y s t a l s  on s t a n d in g .  These were 
combined w ith  the f i r s t  s o l i d  and the whole was 
r e c r y s t a l l i z e d  ( c h a r c o a l )  from benzene .  The orange  
c r y s t a l s  were c o l l e c t e d  and d r ie d  i n  a c u r r e n t  o f  
a i r ,  - a f t e r  which they  weighed 0 .6 8 0  g .  and m elted  a t  
171—172° (sample i n s e r t e d  i n  h o t - b l o c k  a t  1 6 0 ° ) .
When the  m a t e r i a l  was h e a t e d  f o r  2-3  h r .  a t  75°  
i n  v a c u o , i t  l o s t  i t s  c r y s t a l l i n e  c h a r a c t e r ,  i t s  
c o lo u r  changed to y e l l o w ,  and i t s  w e ig h t  was reduced  
by 0*184 g.  ( o r  2 .3 6  m i l l i m o l e s  o f  benzene)  to  0 .4 9 6  g 
(o r  1 . 1 8  m i l l i m o l e s  o f  the n a p h t h o t h ie p in ;  64$);  
th e  m .p .  was 1 7 3 -1 7 4 °  (sample i n s e r t e d  i n  h o t - b l o c k  a t  
1 6 0 ° ) .  S in ce  d e c o m p o s i t io n  made the  m .p.  i r r e v e r s i b l  
th e  v a lu e  o b t a in e d  depended to  some e x t e n t  on the r a t e  
o f  h e a t i n g .  A specimen m .p.  1 6 9 -1 70 °  (sample  
i n s e r t e d  i n  * h o t - b lo c k  a t  20°)  o f  2 : 7 - d i b e n z o y l -  
n a p h th o [ 2 ' : 3 * -4 :5  3t h i e p i n  ( IT ,  R=Ph) was o b ta in ed  by 
a second r e c r y s t a l l i z a t i o n  from benzene f o l l o w e d  by 
h e a t i n g  f o r  12 hr .  a t  1 0 0 -1 1 0 °  i n  vacuo (Pound:
0 ,  8 0 .5 1 ;  H, 4 . 2 9 .  G28H1 8 ° 2 S r e du i r e s  8 0 -57;
PI,. 4 * 3 4 /0 .  A sample was fu s e d  w ith  sodium: a drop
o f  th e  aqueous e x t r a c t  s t a in e d  a ’ s i l v e r *  c o in ,  
c o n f ir m in g  the  p r e se n c e  o f  su lp h u r .
I t  i s  e v id e n t  from th e  w e ig h ts  quoted ahove that 
in. the c r y s ta ls :  formed from benzene two m o le c u le s  
o f  the  s o lv e n t  are a s s o c i a t e d  w ith  each m o le c u le  o f  
■= th e  n 'ap h th o th iep in .
2 :3 ~ D ib en zo y la n th ra cen e  (Y, R=Ph)
2 :7 -D ib e n z o y l-n a p h th o L2 ' : 3 ' ~ 4 : 5 ] t h i e p i n  (IY , R=Ph
0 .1 0 0  g . ) was s lo w ly  h ea ted  from 180° to 250° under a 
p r e s s u r e  o f  0 . 5  mm. o f  m ercury, in  a h o r iz o n t a l  
su b lim in g  tube.. The p ro d u cts  were a l lo w ed  to  sublim e  
f o r  40 h r .  a t  the  h ig h e r  tem p era tu re . S m a ll ,  a lm ost  
c o l o u r l e s s  c r y s t a l s  o f  su lph ur  t r a v e l l e d  7 . 5  cm. from 
the  so u rce  o f  h e a t ;  th e s e  had m icro-rn.p. 112°, and 
were t h e r e f o r e  probab ly  rhom bic. The anth racen e  
d e r i v a t i v e  (0 .0 6 7 8  g . ; 7 3 . 5^) was d e p o s i t e d  w ith in
1 .5  cm. o f  th e  so u rce  o f  h e a t .  The c r y s t a l s  (m.p.
178- 1 8 0 °) were scrap ed  out o f  th e  su b lim in g  tu b e ,  
and t h e i r  s o l u t i o n  in  benzene was chromatographed on 
a solumn o f  a lum ina . The g r e e n i s h - y e l lo w  band was
c o l l e c t e d ,  the  benzene was removed from the e lu a t e  
and the r e s id u e  was c r y s t a l l i z e d  from a c e t o n i t r i l e .  
B r ig h t - y e l lo w  c r y s t a l s  m.p. 179^-180° o f  2 : 3 - d ib e n z o y l -  
anthracene (V, R=Ph) were o b ta in ed  (Pound: 0 , 8 7 .0 4 ;
H, 5*09. ^28^18^2 re(lu i r e s  C, 8 7 .0 2 ;  H, 4 .6 9 /0 *
Heated w ith  h yd ra z in e  h yd rate  in  a c e t i c  a c id ,  the  
d ik e to n e  formed the p y r id a z in e  d e r i v a t i v e  (V I ) .  This  
was p u r i f i e d  by p r e c i p i t a t i o n  from i t s  a c e t i c  a c id  
s o l u t i o n  w ith  w a te r .  2 : 3 - D iaza- l :4 - d ip h e n y l t e tr a c e n e  
(VI) was th u s  o b ta in ed  i n  th e  form o f  a b r ic k - r e d  
powder m .p . 256° (Pound: C, 8 7 .8 4 ;  H, 4*82; N, 7*22.
Q28E18F2 re(lu ires;  Q7 .9 3 ;  H, 4 .7 4 ;  N, 7.33m) *
D ie th y l  T h io d ia c e t a t e  ( I ,  R=0St) was made a c co r d in g
Q
to  the  d i r e c t i o n s  o f  O verberger et, aL .
D ie th y l  n a p h th o [2 ' : 3 ' —4 : 5 ] t h i e p i n - 2 : 7 - d i c a r b o x y la t e  
(IV , R=0Et) and 7-EthQ xycarbonyl-naphth© [ 2 ' : 3  4 i 5  ]
t h i e p i n - 2 - c a r b o x y l i c  a c id  (V II)
A s o l u t i o n  o f  sodium ( 0 .0 5  g . ) i n  e th a n o l  (d r ie d  
by d i s t i l l a t i o n  from sodium e th o x id e  ; 1 m l . )  was
added to a warm s o l u t i o n  o f  n a p h th a le n e -2 : 3-d ia ld e h y d e
( 0 .3 7  g . ) and d i e t h y l  t h i o d i a c e t a t e  ( 0 . 4-1 g.) in  dry 
e th a n o l  (3 m l . ) .  An orange, p r e c i p i t a t e  was a t  once  
form ed. A d d it io n  o f  i c a - w a t e r  and a c i d i f i c a t i o n  o f  
th e  .mixture w ith  h y d r o c h lo r ic  a c id  produced a gummy 
s o l i d ,  w hich was taken  up i n  e th e r .  The e th e r e a l  
s o l u t i o n  was washed w ith  aqueous sodium carb on ate  and 
w a te r ,  and d r ie d  (Ns^SO^). The e th e r  was removed 
and a benzene s o l u t i o n  o f  the r e s id u e  was chromato­
graphed on n e u t r a l  alum ina. The y e l lo w  band was 
c o l l e c t e d ,  the benzene was removed from the e lu a t e  and 
th e  r e s id u e  was d i s s o l v e d  i n  l i g h t  p e tro leu m . The 
y e l lo w  s o l u t i o n  d ep o s ited , s c a r l e t  n e e d le s  ( 0 .0 1 2  g . ) 
m icro.-m .p. 1 0 1 -1 0 3 °  o f  d ie  t h y l  naphtho [2 / :3 " -4 s 5 ] 
t h i e p i n - 2 : 7 - d ic a rb o x .y la te  (IY , R=0Et. Pound: 0 ,  67.
H, 4 . 9 7 .  C20H1 8 04 S r e q u ir e s  C, 6 7 .7 9 ;  H, 5 .1 2 # ) .
U l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima (95# e t h a n o l ) :
228 ( l o g  £  4 . 5 6 ) ,  277 ( l o g  £ 4 . 6 3 ) and 323 jnn ( l o g  £ 
4 . 7 2 ) .  The s c a r l e t  n e e d l e s ,  a l lo w ed  to  rem ain under  
th e  m other l i q u o r ,  s lo w ly  d isa p p ea r ed  and were 
r e p la c e d  by y e l lo w  prism s m icro -m .p . 9 9 -1 0 0 ° .  U l tr a ­
v i o l e t  l i g h t  a b s o r p t io n  maxima ( 95#  e th a n o l ) :
228*5 ( lo g  £ 4 . 4 7 ) ,  277 ( l o g  £ 4 .5 6 )  and 325 yiu
( l o g  0 4 . 6 5 ) .  The i n t e n s i t i e s  o f  the a b s o r p t io n
bands o f  th e  s c a r l e t  n e e d le s  are a p p a r e n t ly  2Qcp
g r e a t e r  than  th o se  o f  th e  y e l lo w  p r ism s , but in  f a c t
th ey  are i d e n t i c a l  w i th in  the  ex p er im en ta l  e r r o r ,
-5b eca u se  th e  sam ples (5 x 10 g . ) were weighed w ith  a 
. b a la n ce  on which d i f f e r e n c e s  o f  10 g .  were shown by 
th e  f o u r t h  s i g n i f i c a n t  f i g u r e .  The red  and y e l lo w  
form s had i d e n t i c a l  in f r a r e d  a b s o r p t io n  s p e c tr a  (KC1 
d i s c ) .  A mixed m ic r o -m .p . d e te r m in a t io n  o f  the two 
f©£ms was u n s a t i s f a c t o r y  as a p r o o f  o f  i d e n t i t y ,  
b e c a u se  the m a t e r ia l s  d id  n o t  m e lt  sh a r p ly  enough fo r  
a c l e a r - c u t  r e s u l t .
The s&dium carbonate  e x t r a c t  was co o led  in  i c e  
and a c i d i f i e d  w ith  h y d r o c h lo r ic  a c id .  A s o l i d  o f  
m .p. ca . 170° was c o l l e c t e d .  A ttem pts were made to  
c r y s t a l l i z e  t h i s  from n o n - a l c o h o l i c  s o l v e n t s ,  but the  
products, were a lw ays r e d -c o lo u r e d  and amorphous.
C r y s ta l s  were o b ta in e d  from m eth ano l. R e c r y s t a l l i z a t i o n  
from aqueous m e th a io l  p ro v id ed  o r a n g e -y e l lo w  c r y s t a l s  
which were: c o n v e r te d ,  by h e a t in g  a t  80° over  KOH in  
v a c u o , in to  an amorphous, d e e p -r e d  c o lo u re d  s o l i d .
Both the red s o l i d  and the orange c r y s t a l s  began 
to form o i l s  a t  1 6 7 ° (m ic r o -d e te r m in a t io n )  but w ith
continued heating the oil was gradually replaced 
by y e l lo w  needles. The red s o l i d  (Pound; 0, 65.94;
H, 4*5 5 . G18H14^4S r e l u i r e s 0 ,  6 6 .2 5 ;  H, 4 o 2 g )
was shown to be 7~ e th o x y ca r b o n y l- n a p h th o [2 ' i 3 ' ~ 4 ;5] 
t h i e p i h - 2~c a r b o x y l ic  a c id  (VII) by t i t r a t i o n  o f  i t s  
s o l u t i o n  in  e th a n o l  w ith  d i l u t e  a l k a l i ;  5 .5 3  mg. o f  
the  m a t e r ia l  r e q u ir e d  1 .0 2  m l. o f  0 .0 1  U—HaOH, so
t h a t  i t s  e q u iv a le n t -w  e i g h t  i s  327 ( Gi 3% 4.0 4 s ~ 3 2 6 ) .
U l t r a v i o l e t  l i g h t  a b s o r p t io n  maxima (95^ e th a n o l ) :
224 ( l o g  £ 4 . 5 1 ) ,  272 ( lo g  € 4 . 5 3 ) ,  310 ( lo g  £ 4 . 6 6 )
and 322 jam ( l o g  £ 4 * 7 8 ) .  Maxima in  O.OlIT-ITaOH:
223 ( l o g  £ 4 . 5 4 ) ,  270 ( l o g  £  4 . 56 ) ,  307 (sh o u ld e r ;  
l o g  £  4 .6 1 )  and 3 1 6 .5  jau- ( l o g  £  4 . 6 7 ) .
A sample o f  th e  m onoethyl e s t e r  (V II) was h e a ted
under th e  c o n d i t io n s  used  f o r  the d e s u lp h u r iz a t io n  o f  
th e  n a p h th o th ie p in  . (IV , R=Ph). A good y i e l d  o f  
a n th ra c en e - 2 : 3 - d i c a r b o x y l i c  a c id  (V, R=0H) anhydride  
was o b ta in e d .  The m a te r ia l  was p u r i f i e d  by  
r e c r y s t a l l i z a t i o n  from a c e t o n i t r i l e  fo l lo w e d  by r e -  
su b l im a t io n  (Pound; 0 ,  7 7 .3 6 ;  H, 3 .6 5 .  C a lc u la ted  
f o r  ^gHgO^: C, 7 7 .4 1 ;  H, 3 * 2 5 $ ) .  The in fr a r e d
a b s o r p t io n  spectrum  (KC1 d i s c )  showed bands a t  182 0 ,  
1770 and 1222 cm. , w hich t o g e th e r  are i n d i c a t i v e
o f  the anhydride group. A n th r a c e n e -2 : 3 - d ic a r b o x y l i c  
an h yd r id e , which has been d e sc r ib e d  by P airbourne^ ,  
su b lim es  w ith o u t  m e l t in g .
D im ethyl n a p h th o [ 2 ' : 3 ' - 4 : 5 ] t h i e p i n - 2 ; 7 - d i c a r b o x y la te  
(IV , R=OMe)
^D aphthalene-2 : 3~ d ia ld e h y d e  ( 0 .3 7  g . ). and d i e t h y l  
t h i o d l a c e t a t e  ( 0 .4 1  g. ) were d i s s o lv e d  i n  e th a n o l  
( d i s t i l l e d  from sodium e th o x id e ;  6 m l . )  w ith  warming, 
and th e  s o l u t i o n  was c o o le d  under th e  tap w ith  sh a k in g ,  
so t h a t  a p r e c i p i t a t e  o f  sm a ll  c r y s t a l s  was o b ta in e d .  
The su sp e n s io n  was c o o le d  to  0 G and a s o l u t i o n  o f  
sodium ( 0 .1 0  g . )  in  dry e th a n o l  (2 m l . ) r a l s o  a t  0 ° ,  
was added. The m ixture  was shaken a t  0° f o r  7 h r .  and 
th en  s e t  a s id e  (10 h r . )  i n  the r e f r i g e r a t o r .  The 
g r e a t e r  p a r t  o f  the e th a n o l  was removed by e v a p o r a t io n  
a t  25° i n  v a c u o . A d d it io n  o f  i c e - w a t e r  to  the  
r e s id u e  produced a red  gum. Rubbed under a m ixture  
o f  f r e s h  i c e - w a t e r  and e t h e r ,  the gum d i s s o l v e d .  The 
aqueous and e t h e r e a l  f r a c t i o n s  were e q u i l i b r a t e d  i n  a 
s e p a r a t in g  f u n n e l .  The e t h e r e a l  l a y e r  was d r ie d  
(K^SO^) and th e  e th e r  was ev a p o r a te d . Chromatography
'1 ry  ,
±  /
o f  a benzene s o l u t i o n  o f  the  r e s id u e  on n e u tr a l
a lum ina a f fo r d e d  a sm a ll  q u a n t i ty  o f  the  s c a r l e t
n e e d le s  o f  th e  d i e t h y l  e s t e r  (IY , R=OSt). The
aqueous l a y e r  was c o o le d  to  1 0 ° i n  an i c e - b a t h ,  and
a c i d i f i e d  w ith  5N -h y d r o c h lo r ic  a c id .  The b u f f  s o l i d
( 0 .3 7  g . ) was c o l l e c t e d  and d r ie d  over  KOH in  v a c u o .
A ttem p ts  were made to c r y s t a l l i z e  a l i t t l e  o f  the
m a t e r ia l  from m eth a n o l,  but the  produ ct was an amorphous
powder which was b r ig h t - r e d  or p a le  y e l l o w  i n  c o lo u r ,
depend ing  on th e  tem perature  a t  which i t  s e p a r a te d .
To a su sp e n s io n  o f  th e  crude s o l i d  in  dry e th e r
(15 m l . ) ,  a 2 . 6$  s o l u t i o n  o f  diazom ethane (made by
9th e  s h o r t e r  o f  the  two m ethods d e s c r ib e d  by Arndt * 
and e s t im a te d  b e f o r e  u s e ;  4*4 m l . , or  10$ e x c e s s  
assum ing th e  E.W. 149 fo r  th e  crude a c id )  was added 
a t  0 ° .  The su sp e n s io n  was shaken a t  0° f o r  s e v e r a l  
h o u r s  and a l lo w e d  to  stan d  a t  room tem perature  fo r  
2 -3  d a y s . The p r e p a r a t io n  was f i l t e r e d  and th e  s o l i d  
was r e c r y s t a l l i z e d  from b en zen e . The o r a n g e -y e l lo w  
c r y s t a l s  m .p . 1 7 8 ° (w ith  d eco m p o sit io n ;  th e  r e ­
s o l i d i f i e d  m e lt  fu s e d  over  the range 118- 1 5 0 °) o f  
dime t h y l  n a p h th o [ 2 ' :  3 ' - 4 :5  j t h i e p i n - 2 :7- d i  c a r b o x y la te
(IV , R=OMe) were dried, at 90u over KOH i n  vacuo 
(Pound: 0 ,  6 6 .5 2 ;  H, 4 .5 5 .  ^18^14^4^ requires
G, 6 6 .2 5 ;  H, 4 .3 2 $ ) .  U l t r a v i o l e t  light absorption 
maxima ( i n  95$ e th a n o l ) :  2 2 8 .5  ( l o g  £  4 , 4 5 ) ,  277 
( l e g  £ 4 . 5 2 ) ,  and 523 / a u . ( l o g  £ 4 * 6 0 ) .  The 
s o l v e n t s  were removed from the combined benzene and 
e t h e r e a l  f i l t r a t e s ,  and th e  r e s id u e  was p u r i f i e d  by 
chromatography o f  i t s  benzene s o l u t i o n  on n e u tr a l  
alum ina. The t o t a l  y i e l d  o f  th e  d im eth y l e s t e r  
(IV , H=0Me) was 0 .1 8 5  g . ( 2 8 .2 $ ) .
D im ethyl a n th r a c e n e -2 : 3 - d ic a r b o x y la t e  (V, R-OMe)
D im ethyl n a p h th o [2 ' : 3  ' - 4 : 5 ] t h i e p in - 2 : 7 - d ic a r b o x y -  
l a t e  (IV , R=0Me) was d e su lp h u r iz e d  in  th e  same way as  
2 :7 - d ib e n z o y l - n a p h t h o [2 ' :3  ' - 4 : 5 J t h ie p in  (IV , R=Ph).
In  the  p r e s e n t  in s t a n c e  th e  tem perature  d id  not  
exceed  2 1 0 ° and the  s u b l im a t io n  was com plete  a f t e r  
10 h r .  R e c r y s t a l l i z a t i o n  o f  the  su b lim a te  from 
m eth yl a c e ta te /m e th a n o l  a f fo r d e d  y e l lo w  c r y s t a l s  
nup. 1 .50-1514° (Pound: C, 7 3 .6 9 ;  H, 5 .0 3 .
^18H14^4 r e ! u:i-r e s  7 3 .4 6 ;  Hr 4 .8 0 $ )  o f  d im ethy l  
a n th ra cen e- 2 : 5 - d ic a r b o x y la t e  (V, R=0Me). C r y s ta ls  
o f  e lem en tary  su lphur were l e f t  beh ind  when the  
su b lim in g  tube was r in s e d  w ith  h o t  m ethyl acetate.
The solvents were removed from the mother liquo 
and the residue was heated on the steam-bath with 
5h~sodium hydroxide s o l u t i o n  (2-3 ml.) and ethanol, 
f o r  about 1 h r .  A f te r  e v a p o r a t io n  o f  most of the 
e t h a n o l ,  th e  s o l u t i o n  was a c i d i f i e d  w ith  hydroc h lo r i  
a c id .  The p r e c i p i t a t e  was c e n tr i f u g e d  and filtered 
A n th r a c e n e - 2 :3 - d ic a r b o x y l ie  anhydride was sublim ed  
from the f i l t e r  paper a t  200- 2 3 0° / 0 .5  mm., and 
i d e n t i f i e d  by i t s  in f r a r e d  a b s o r p t io n  spectrum  
(KOI d i s c ) , which was the same a s  th a t  o f  the sample 
a lr e a d y  a t  hand.
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The Synthe s i s  o f  2~ f i t r o d ib en g
d i  ca rb oxy l i c  Aiihydr id  e (Y111)
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(N ote:  In  th e  diagram f a c i n g  p . l  o f  t h i s  t h e s i s
there, are l i s t e d '  th e  s t r u c t u r a l  form ulae  o f  a number 
o f  compounds which w i l l  be r e f e r r e d  to i n  th e  p r e s e n t  
c h a p te r :  to  a v o id  c o n fu s io n  the  Roman num erals I
to  Y II  a s s ig n e d  to th e s e  form ulae are r e t a in e d  w ith  
t h e i r  o r i g i n a l  m eaning, but h ig h e r  num erals b e lo n g  to  
a new s e r i e s .  T h is s e c t i o n  i s  n o t  lo n g  enough to 
j u s t i f y  th e  r e p e t i t i o n  o f  th e  form ulae numbered I to  
YII* and th e  in d u lg e n c e  o f  th e  rea d er  i s  r e q u e s te d  
f o r  r e f e r r i n g  him to the diagram f a c i n g  p . 1 when the  
num eral in  q u e s t io n  i s  sm a l le r  than Y I I I ) .
The p r e p a r a t io n  by Summers^ o f  2 - n i t r o d i b e n z [ b , f ] ~  
o x e p in -1 0 ~ c a r b o x y l ic  a c id  (Y I, R=H) was m entioned in
1 8
the  op en in g  paragraphs o f  t h i s  t h e s i s .  The oxep in  
r in g  was formed by th e  c y c lo d e h y d r a t io n  o f  5-nitro™  
2~phen oxyph en ylp yru vic  a c id  (Y, R=H) w ith  p o ly p h o sp h o r ic  
a c id .  The purpose, o f  the  exp er im en ts  s h o r t ly  to be 
d e s c r ib e d  was the  p r e p a r a t io n  o f  2 - n i t r o d i b e n z [ b , f ] 
o x e p i n - 1 0 : l l - d i c a r b o x y l i c  a c id  (XI)
EtOjC
v
IX
EtO^C
\  /  
c h - c o
co2£t
V  W o ®
XI
by a s im i la r  r in g - c l o s u r e  o f  e t h y l  a - e t h o x a l y l - 5 -  
n i t r o - 2 -p h e n o x y p h e n y la c e t a t e  (X ) . I t  was proposed  
to  condense e t h y l  o x a la t e  w ith  e th y l  5 -n itr o ~ 2 -p h e n o x y -  
p h e n y la c e ta te  (IX) and to  c y c l i z e  the  crude o x a lo a c e t a t e  
(X) i n  s i t u ,
p t
SchSnberg and Warren (1939) and G-eissman and l e s s J 
(1940") have p repared  p h e n a n th r e n e -9 :1 0 -d ic a r b o x y l ic  
anhydride  (X III )  by a s i m i l a r  sequence s t a r t i n g  from 
e t h y l  d i p h e n y l - 2—a c e t a t e  (X I I ) :
s y n t h e s i s  to  th e  p r e p a r a t io n  o f  methoxy d e r i v a t i v e s  
o f  p h e n a n th r e n e ~ 9 :1 0 -d ic a r b o x y l ic  a n h yd rid e .
Etozcv E to c o c CO\
Xll x in
Very r e c e n t l y  Bradsher e t  a l . 4 have ex ten d ed  t h i s
The o r i g i n a l  example o f  an in tr a m o le c u la r
c o n d e n sa t io n  o f  an o x a lo a c e t a t e  group w ith  an arom atic
5
n u c le u s  was p ro v id ed  by B ou gault , who found th a t  
d i e t h y l  i n d e n e - 2 : 3 - d ic a r b o x y la t e  (XV) was the  produ ct  
o f  trea tm en t  o f  e t h y l  a - e t h o x y a ly l - p - p h e n y lp r o p io n a t e  
(XIV) w ith  c o ld ,  c o n c e n tr a te d  su lp h u r ic  a c id :
X I V  XV
The r e a c t i o n  has been extended by v .  Auwers and
fI 6 7M o ller  , and a g a in  by B ie s e r  and H ershberg .
The c y c lo d e h y d r a t in g  a g e n ts  used  by the  a u th o rs
m en tioned  amount to t h r e e .  These are c o n c e n tr a te d
15 6 7 osu lp h u r ic  a c id  9 * , 80$ (w/w) s u lp h u r ic  a c id  ( a t  100°)
and a m ix tu re  o f  hydrobrom ic and a c e t i c  a c id s  ( a t
3 Athe b o i l i n g - p o i n t )  * .
As a f i r s t  s t e p  t h e s e  r e a g e n t s  were s u b s t i t u t e d  
f o r  p o ly p h o sp h o r ic  a c id  i n  the c y c l i z a t i o n  o f  5 - n i t r o -  
2-p h en o xyp h en y lp y ru v ic  a c id  (V, R=H) i n  order to a s s e s s  
t h e i r  r e l a t i v e  u s e f u l n e s s .  Only c o ld  c o n c en tr a ted
s u lp h u r ic  a c id  pave poor r e s u l t s .  The p u r e s t  
p rodu ct was o b ta in e d  when h o t  807; (w/w) su lp h u r ic  
a c id  was u s e d ,  and so th e s e  c o n d i t io n s  were chosen  
fo r  the  a ttem p ted  r in g - c l o s u r e  o f  e t h y l  a - e t h o x y a l y l -  
5 -n i t r o -2 - p h e n o x y p h e n y la c e ta t e  (X ) .
P o tass iu m  e th o x id e  was used  to condense e th y l  
5 -n i t r o -2 - p h e n o x y p h e n y la c e ta t e  (IX) and e t h y l  o x a l a t e ,  
and th e  crude- p rodu ct was h e a te d  w ith  80$ (w/w) 
su lp h u r ic  a c id  f o r  4 h r .  A sm a ll  q u a n t i ty  o f  2-  
n i t r o d i b e n z [ b , f ] t h i e p i n - 1 0 t l l - d i c a r b o x y l i c  anhydride  
(V III )  was o b ta in e d .  I t s  s t r u c t u r e  was confirm ed by 
e lem en tary  a n a l y s i s  and by the p r e se n c e  o f  bands 
t y p i c a l  o f  th e  anhydride group in  th e  in f r a r e d  
a b s o r p t io n  spectrum .
5—h itr o -2 -p h e n o x y p h e n y lp y r u v ic  a c id  (V, R=H) 
and 5 -n i t r o -2 - p h e n o x y p h e n y la c e t i c  a c id  (IX , H fo r  Et) 
were prepared  a c c o r d in g  to the d i r e c t i o n s  o f  Summers'*'. 
The c o n d e n sa t io n  o f  2-nhL© .ro-5~nitrobenzaldehyde w ith  
sodium phen oxide  was improved c o n s id e r a b ly  by the  
u se  o f  an e x c e s s  o f  shdium p h en o x id e . 5 - h i t r o - 2 -  
p h en o x y p h en y la ce t ic  a c id  was e s t e r i f i e d  w ith  b o i l i n g  
e th a n o l  c o n ta in in g  s u lp h u r ic  a c id .
E xperim enta l
P le a s e  r e f e r  to  the remarks on p. 78 .
The C on densation  o f  Phenol w ith  2 -G h lo r o -5 -n i t r o b e n z a l -  
dehyde
An a ttem p t was made to prepare 5 -n i t r o -2 -p h e n o x y — 
ben za ld eh yd e  ( I I I ,  R=H) under c o n d i t io n s  s im i la r  to  
t h o s e -u s e d  by Summers, a s  f o l l o w s .
2 -C h lo r o -5 -n itr o b e n z a ld e h y d e  (73 g . ) ,  phenol  
(36*5 g . ) ,  p o tass iu m  h yd rox id e  p e l l e t s  (25*5 g . ) and 
w ater  (182 m l . )  were r e f lu x e d  f o r  2 h r .  and a llow ed  
to  c o o l  (12 h r . ) .  The o i l  which formed on the  bottom  
o f  the f l a s k  could n o t  be persuad ed  to  c r y s t a l l i z e ,  
even  when seed ed  w ith  a c r y s t a l  o f  5 - n i t r o -2 -p h e n o x y -  
b en za ld eh y d e . Both the  o i l  and the  su p ern atan t  
l i q u i d  were e x tr a c t e d  w ith  b en zen e , and the  benzene  
ex tr a c t ,  was washed w ith  sodium h yd rox id e  s o l u t i o n  
and w a ter . A f t e r  d r y in g  (UagSO^) the  benzene s o l u t i o n  
was b a i l e d  w ith  ch a rco a l and f i l t e r e d ,  and th e  benzene  
was ev ap ora ted  from the f i l t r a t e -  under reduced  p r e s s u r e .  
The r e s id u e  was a s t i c k y ,  s e m i - s o l i d  m a t e r ia l  (55 g * ) 
which cou ld  n o t  be c r y s t a l l i z e d .
Treatm ent o f  th e  gum (1 g . ) w ith  a c e t i c  anhydride
( l  m l . )  c o n t a in in g  su lp h u r ic  a c id  (> th . o f  1 droo)  
a t  a tem perature  o f  18° f o r  1 h r . ,  f o l lo w e d  by 
drowning i n  w a te r ,  a f fo r d e d  an o i l  which became 
s u f f i c i e n t l y  s o l i d  fo r  the  p u rp oses  o f  f i l t r a t i o n  
a f t e r  c o o l in g  i n  the r e f r i g e r a t o r .  White n e e d le s  
(0*27 g . ) o f  2 - c h lo r o - 5 - n i t r o - b e n z y l id e n e  d i a c e t a t e  
(Pound: 0 ,  46*34; H, 3 .3 7 .  C^H^QClNOg r e q u ir e s
0 ,  4 5 .9 3 ;  H, 3 .5 0 $ )  m .p. 1 0 8 -1 0 9 ° ,  unchanged  
by adm ixture w ith  m a te r ia l  prepared  from pure 2 -c h lo r  
5 - n i t r o b e n z a ld e h y d e , were o b ta in e d  by th r e e  r e c r y s t a l  
i z a t i o n s  from m eth an o l.  The q u a n t i ty  o f  d i a c e t a t e  
i s o l a t e d  i n d ic a t e d  t h a t  the gum c o n ta in e d  a t  l e a s t  
17$ o f  s t a r t i n g  m a t e r ia l :  i t  was. c o n s id e r e d  th a t  the
u s e  o f  an e x c e s s  o f  a l k a l i  phenoxide m ight be 
ad v a n ta g eo u s , and a c c o r d in g ly  a t r i a l  was made w ith  
sodium ph en oxide  p r e s e n t  i n  20$ excess ,.
' 2 - 0 h lo r o -5 -n i t r o b e n z a ld e h y d e  (40 g . ) ,  phenol  
(24 g . ) sodium h yd rox id e  (12 g . ) and w ater  (400 m l .)  
were h e a te d  under r e f l u x  fo r  5 h r .  and a l lo w ed  to  
c o o l  (12 h r . ) .  The s o l i d  which formed was broken  
up,, f i l t e r e d  o f f ,  washed w ith  w ater  and d i s s o lv e d  in  
b en zen e . The benzene s o l u t i o n  was d r ie d  (a z e o tr o p ic
distillation of water/benzene followed by ha^SO^) 
and treated with charcoal (10 g.). Removal of the 
benzene under reduced pressure l e f t  an amber oil,
(42 g . ; 80$) which was poured onto a  p o r c e la in
t i l e  and a l lo w e d  to  s o l i d i f y .  The s o l i d  5 - n i t r o -  
2-ph en oxybenza ldehyd e m elted  o v er  th e  range 5 9 -64 °  
s (Summers q u o tes  m .p . 66° f o r  th e  pure m a t e r i a l ) .
5 —H itr o -2 -p h e n o xypheny1p y ru v ic  a c id  (V, R=H) 
and
5 - N it r o - 2 -p h e n o x y p h e n y la c e t ic  a c id  (IX , H f o r  Et)  
w ere made a c co r d in g  to the d i r e c t i o n s  o f  Summers'*".
E th y l i  t r o - 2 -p h e n o x y p h e n y la c e ta te  (IX)
A s o l u t i o n  o f  5 -n i t r o ~ 2 -p h e n o x y p h e n y la c e t ic  ac id  
( 6 .0  g . ) and s u lp h u r ic  a c id  (d 1 .8 4 ;  1 .5  m l . )  in
e th a n o l  (60 m l . )  was h e a ted  f o r  5-ir h r .  under a. reflux 
cond en ser  and iaC l^  tu b e ,  on th e  s team -b a th . E thanol  
(48 m l . )  was d i s t i l l e d  o f f ,  and th e  r e s id u e  was 
d iv id e d  b e tw e e n ,e th e r  (100 m l . )  and d i l u t e  aqueous 
sodium c a rb o n a te .  The e t h e r e a l  l a y e r  was washed 
w ith  w ater  a n d .d r ie d  (Ma^SO^). The o i l  which was
l e f t  a f t e r  rem oval o f  the  e th e r  was d i s t i l l e d  under  
reduced p r e ssu r e  from an a i r - b a t h .  A p a le - g r e e n  
o i l  ( 6 .3 6  g . ; 96$) d i s t i l l e d  a t  2 4 8 - 2 5 0 ° / l5  mm.
White c r y s t a l s  began to  form in  the  d i s t i l l a t e  a f t e r  
4 h r .  a t  2 0 ° .  The s o l i d i f i e d  e t h y l  5 - n i t r o - 2-  
phenoxyphenyl ace t a t e  (Pound: C, 6 3 .7 8 ;  H, 4 .7 0 .
^ 1 6 ^ 1 5 ^ 5  r e q u ir e s  0 ,  6 3 .7 8 ;  H, 5 .0 2 $ )  a t  t h i s  s ta g e  
m elte d  a t  334—3413 ° b u t two weeks l a t e r  was found to  
have th e  m .p . 68—6 9 ° .
F o te :  In  a n o th er  experim en t th e  d i s t i l l a t i o n  o f  the
p rod u ct was o m it te d ,  p u r i f i c a t i o n  b e in g  by 
r e c r y s t a l l i z a t i o n  from e t h a n o l ,  from w hich the  
c r y s ta l s ,  o f  m .p . 6 8 -6 9°  were- o b ta in ed ;  the  
y i e l d  was 9 0 .5 $ .
The Q y c lod eh y d ra tion  o f  5 -H itr o —2-p h en oxyp h en y lp yru v ic  
a c id  (V, R=H)
A p r e l im in a r y  experim en t showed th a t  5 - n i t r o - 2 -  
ph.enoxyphenylp.yruv i e  a c id  was n o t  c y c l i z e d  w i t h in  the  
space o f  a few hou rs by trea tm en t  w ith  80$ (w/w) 
s u lp h u r ic  a c id  a t  1 8 ° .  A second experim ent showed 
th a t  a t  18° su lp h u r ic  a c id  (d 1 .8 4 )  was capable  o f
b r in g in g  about the  r in g  c lo s u r e ,  bu t the  y i e l d  o f  
pure 2- n i t r o d i b e n z  [b , f  ]oxep in -10-carb Q 3sy lic  a c id  
(V I, R=H) was poor ( 40$ ) .  The b e s t  method was 
u n d ou b ted ly  th a t  d e s c r ib e d  under (a) be lo w , in  
which 80$ (w/w) su lp h u r ic  a c id  was employed a t  a 
tem perature o f  1 0 0 ° ,  but i t  was c l o s e l y  r i v a l l e d  -^e  
trea tm en t w ith  a b o i l i n g  m ix tu re  o f  hydrobromic and 
a c e t i c  a c i d s  d e s c r ib e d  u n d e f  (b ) ;  both  methods were 
s u p e r io r  to  th e  u s e  o f  p o ly p h o s p h e r ic  a c id  as d e sc r ib e d  
by Summers, which i n  th e  w r ite r*  s hands gave a f i r s t  
p rod u ct o f  r e l a t i v e l y  low  p u r i t y  (m .p. 210—214°) i n  the  
apparent y i e l d  o f  8 6 .5 $ .
(a )  80$ (w/w) S u lp h u r ic  Acid  a t  1 0 0 ° .
The s u lp h u r ic  a c id  r ea g e n t  was prepared by m ix in g  
s u lp h u r ic  a c id  (d 1 .8 4 )  and w ater  in  the  p r o p o r t io n s  
2 8 ;1 0  by volum e.
A su sp e n s io n  o f  f in e ly -p o w d e r e d  5 - n i t r o - 2 -  
p h en oxyph en ylpyruvic  a c id  ( 0 .5 0  g . ) i n  80$ (w/w) 
su lp h u r ic  a c id  (5 m l . )  was s t i r r e d  a t  100° fo r  3 h r .
The co ld  m ix tu re  was drowned in  i c e - w a t e r ,  a l lo w ed  
to stand (30  m i n . ) and f i l t e r e d .  The g r e e n ish  
s o l i d  was washed w ith  w ater  and d r ie d  o v er  K0H. in  v a c u o , 
a f t e r  which i t  w eighed  0 .4 2  g . (89$) and m elte d  a t  
227—228° [a u t h e n t ic  2 - n i t r o d i b e n z ( b , f ) o x e p in -1 0 -
c a r b o x y l ic  a c id  (VI, E=H) prepared by the  par on thong 
method o f  Summers has m .p. 227-229°  a f t e r  two 
r e c r y s t a l l i z a t i o n s  from a c e t i c  a c i d ] .
c w  Mixed Hydrobromic and A c e t ic  A c id s  a t  the  
B o i l i n g - P o i n t .
" 5 -K itro -2 -p h en o x y p h en y lp y ru v ic . a c id  (0 .5 0  g . ) ,
48 $  hydrobrom ic a c id  ( 1 .0  m l . )  and a c e t i c  a c id  (1 .7 5  m l. 
w ere h e a te d  under r e f l u x  fo r  3 h r .  The p r e c i p i t a t e d  
b u f f  s o l i d  was f i l t e r e d  from the co ld  m ix tu r e ,  washed 
w ith  w ater  and .d r ied  over  KOH i n  v a c u o . The 
m a t e r ia l  (0 .4 3 7  g . ; 93$) had m .p. 2 2 5 -2 2 7 ° .
B e a u t i f u l  w h ite  n e e d le s  o f  2 -n itr o d ib e n z :[b  , f  lo x e p in -  
1 0 - c a r b o x y l i c  a c id  (V I, R-E)  m .p. 2 2 7 -229 °  (un depressed  
by adm ixture w ith  a u th e n t ic  m a t e r ia l )  were o b ta in ed  
by r e c r y s t a l l i z a t i o n ,  from a c e t i c  a c id  ( c h a r c o a l ) .
2 - M t r o d ib e n z  [b , f  jo x e p in -1 0  : l l - d i c a r b o x y l i c  Anhydride  
(V III)
P otassium  ( 0 .8 0  g . ) was d is p e r s e d  under x y le n e ,  
th e  x y le n e  was d e c a n te d ,  the  d is p e r s e d  m eta l was 
washed by d e c a n ta t io n  w ith  dry e th e r  and was then
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covered  w ith  e th e r  (40 m l .)*  The su sp e n s io n  was 
c o n ta in e d  in  a f l a s k  c a r r y in g  a r e f l u x  condenser  
w ith  a t ta c h e d  ca lc iu m  c h lo r id e / s o d a  l im e  tu b e .
The f l a s k  was surrounded by an i c e - b a t h ,  and e th a n o l  
( d i s t i l l e d  from sodium e th o x id e ;  1 .2 5  m l . )  was added. 
When the v ig o r o u s  r e a c t i o n  had su b s id e d ,  th e  i c e - b a t h  
was. r e p la c e d  by a b a th  o f  warm w ater  and th e  m ixture  
was r e f lu x e d  f o r  45 min. F r e sh ly  d i s t i l l e d  d i e t h y l  
o x a l a t e  ( 4 .1  m l . )  was added a t  1 8 a , whereupon a l l  
the. p o ta ss iu m  e th o x id e  d i s s o l v e d .  EthyJ. 5 - n i t r o - 2 -  
p h en oxyph en ylaceta te :  (IX; 6 .0  g . ) was th en  washed 
i n  w ith  e t h e r  (10  m l . ) ,  whereupon the c o lo u r  o f  the  
l i q u i d  im m ed ia te ly  deepened from y e l lo w  to  dark red .  
The p r e p a r a t io n  was; a llo w ed  to  stand  (12 h r . )  a t  1 8 ° ,  
a f t e r  which i t  was h e a ted  under r e f l u x  f o r  6 h r . , 
c o o le d  and poured w ith  s t i r r i n g  onto a m ix tu re  o f  i c e  
(20 g . )  and 5 N -su lp h u r ic  a c id  (20 g . ) .  The e th e r  
l a y e r  was d r ie d  (NagSO^), th e  e th e r  was evaporated  
and th e  o i l y  r e s id u e  c o n t a in in g  the  o x a lo a c e t a t e  (X) 
was s t i r r e d  v i g o r o u s ly  on th e  steam -bath  f o r  4 h r .  
w ith  80$ (w/w) su lp h u r ic  a c id  (65 m l . )  and a llow ed  
to  c o o l .  The r e s u l t i n g  su sp e n s io n  ( o f  a brown s o l i d
i n  a deep-red coloured liquid) was drowned in ice 
and the dark brown solid (4.25 g. ; m.p. 6C~120°) 
was collected, washed with water and dried in a 
current of air. The product was crushed under 
d i l u t e  sodium h y d ro x id e  s o l u t i o n ,  ch a rco a l was added 
and th e  m ix tu re  was warmed on the  s tea m -b a th ,  
a l lo w e d  to  c o o l ,  and f i l t e r e d .  The f i l t r a t e  was 
a c i d i f i e d ,  a l lo w e d  to  stan d  s e v e r a l  hou rs in  the  
r e f r i g e r a t o r ,  and the  p r e c i p i t a t e d  brown s o l i d  
( 2 .5 2  g , . ; m .p . 199°  a f t e r  s e v e r e  p r e - s o f t e n in g )  
was c o l l e c t e d ,  washed w ith  w ater  and d r ie d  over  KOH 
in  v a c u o .
A p o r t io n  (0 .5 0  g. ) o f  th e  m a t e r i a l ,  a f t e r  
th r e e  r e c r y s t a l l i z a t i o n s  ( c h a r c o a l)  from a c e t i c  a c id ,  
a f fo r d e d  b e a u t i f u l  g o ld en  n e e d le s  (0 .0 4 9  g . ) m.p. 
20 5 -2 0 6 °  o f  2 - n i t r o d i b e n z [b yf  j o x e p in - l O s l l - d i c a r b o x y l i c  
anhydride (Found: G, 6 1 .9 8 ;  H, 2 .2 1 ;  F , 4 .7 1 .
0l 6H7F06 r e q u ir e s  G, 6 2 .1 4 ;  H, 2 .2 8 ;  F , 4 . 5 5 # ) .
The in f r a r e d  a b s o r p t io n  spectrum (KG1 d i s c )  shows 
a v e ry  s tr o n g  band a t  1770 cm.” '** and a m o d era te ly  
s tr o n g  band a t  1835 cm”^: to g e t h e r  th e s e  bands are
c h a r a c t e r i s t i c  o f  th e  anhydride group in g .
The pure material sublimed at 150°/0.6 mm. and 
a small portion of the crude solid was successfully 
sublimed, but when it was attempted to sublime the 
rem ain in g  crude m a t e r ia l  in  b u lk ,  o n ly  a small 
su b lim a te  o f  poor q u a l i t y  was o b ta in e d .  E x tr a c t io n  
o f  th e  charred  r e s id u e  w ith  warm d i l u t e  a l k a l i  and 
a c i d i f i c a t i o n  o f  th e  f i l t e r e d  s o l u t i o n  p ro v id ed  a 
s o l i d ,  from w hich a f u r th e r  q u a n t i t y  (0 .0 8 4  g . )  o f  
the  pure anhydride was o b ta in e d  by r e c r y s t a l l i z a t i o n  
( c h a r c o a l )  from a c e t i c  a c id .
)
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